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INTRODUCTION 

Essential Preliminary 

I mysdl rarely read ul trodtictions : this atie is addressed 
to the reader, with au aside to the reviewer* ami he i e a*;kod 
to rend if to avoid misunderstanding. The title of Hits book Is 
't'tach Yaurszif Aarontmy and. as far as possible. I have si nek 
to tay brief. Although it in ant? of the essential principle* of 
science that all stimtihe knowledge can be recaptured by 
anyone. given suiEclcnt time, intelligence and patience, life 
is too short to make this a practicable course, I have there¬ 
fore often been compel Led to set out the details of book know¬ 
ledge of astronomy. Apart from this, niy principal problem 
lias been tu try to make this book a means of ehnnentaiy self- 
instruction and yet, at the same time, to make it up-to-date. 
1 he reader must judge for himself how far Ibis object has 
been achieved, 

I have assumed that the readers of this book will already 
have decided fur themselves that a knowledge of astronomy 
is a desirable thing, and worth the exertion of some mental 
effort to acquire. I have not therefore been at pains to let 
the reader down particularly lightly. The best way of reading 
the book is probably to run through it quickly at first to see 
what it contains, and then to study it in more detail, [ 
have not had much recourse to mathematics, at least formally, 
but at various points there will be found trains of reasoning 
which are mathematical in nature. This choke is deliberate, 
because many people are, as it were, slightly allergic to mathe¬ 
matics, but can digest the ^ubdenf verbal reasoning without 
discomfort. 

It is impossible to include all astmnomy In the compass 
of such a book and, for example, there are only slight oblique 
referentes to astrophysics, and. deliberately,"nothing at all 
about precession, nutation or aberration. My professional 
cd Ik agues may hold up their hands in horror at the omissions, 
and at the superficial treatment of many of the topic*discussed. 
But the honk is not written for th*m; it Is written for the 
interested man in the street* in the hope tint it will give him 
pleasure, and that a k*w of his number will be sufficiently 
interested to go further, and eventualLy to join liie ranks of 
one of the various astronomical associations as serious amateur 
observers. 
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CHAPTER I 


fundamentals 

This book is written i.m the aaegmptlon that you know no 
astnMlOllS^ tmd yon may believe that this is strictly true. 
In fact, however, almost everybody ifoeH knnw ^n;eutrQdoiDy 
iiaid \vd ran ln -it begin by putting down what everybody 
does knuw and in,ike this dli r starling point. Everybody 
knows that thr earth luma on its axis from West to east, so 
that the isutk, tnoon and stars go past us in the reverse direction 
from east to west. Everybody knows at teaat one oonstella- 
tinn: in the northern sky the Plough, in the southern. the 
Southern Cross; and everybody knopsp F but may not realise 
the fact until it k pointed out, that theac cmmlelUticiTis, and 
all others, retain the same shape so far as observation with 
the naked eye can show, 

Now go out ol doors on a dear dark iiLght and take note 
1 4 what yon see. About half an hour will he sufficient to 
show a number of important tacts. Ti you watch carefully 
you will sco. that the stare, like the sun and the moor risff 
in the cast and set in the west and Hint all tile stars and. con- 
uteUatiuns keep station relative to one another. The sky 
looks to the observer like a huge hemisphere with the stars 
marking particular praitbfi* pn the irntidc of it. The horizon 
forms the lower rim oi tlie hemisphere, and the point directly 
over the observe r'fi head Ls known as the itniih. Wo can. 
mure conveniently, think of the whole sky ns forming a rnm- 
plete Sphere, df which the lower half is cut off by the horizon. 

The Celeatful Sphere 

This imaginary sphere, with the observer at its Cttttn, is 
called the tclsitiiti fphtrt. The sky is not. of course, a real 
sphere, bat the idea of a celestial sphere, that is a large sphere 
with the observer at the centre, and the portions of the various 
stars marked on its inner surface, is an extremely useful one. 
and will be used throughout the sequel. A physical realiua■ 
tioti of the celestial sphere Is afforded by the planetarium, a 
darkened building with a while dumed celling,, cm to which 
Ligfobspocs in positioEHi corresponding tu .dars lind planet* cao 
he projects by nr nptiral device. These spots, can be moved 
so ns to Ic produce exactly the motions of the sun, moon, 
planets nuil stare am! their rate of movement can be in created 
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so els tu dciiioiisirab; phenomena occupying very long pern* Is 
in nature. Thu illusmn of being out ot dour* ua a dear starry 
night is complete, Although thu planetarium was unit 
devised sti Gemyuiy, almost aE! pkiietiiriii open fat public 
exhibition ni u located in the L-.S.A. 

The celestial sphere appears to be turning from east in 
west in consequence ol the rotation of the firth from wwt 
tu eadlt. Now, when a globe tuma on its axis there ilrr Im.i 
points—the points where the axis goes through the siithu'r 
of the globe—which do not move at aEL In the cape of Eh' 1 
celestial sphere these two points are called the north and exiuIIi 
celestial pries. The Pole Star, which is located by thr two 
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Figure t PigiJM a 


pointers of the Plough ia ven- dose to the true position of 
the north cotetial pule. If you Jive in the northern hemi¬ 
sphere you nan easily see, by drawing a little sketch every hour 
for bp vend successive houns on one night. that although 
the Plough appears to turn round the north pole ot the havens, 
the pule star remains almost exact I v fixed in potion. 
[Figure T.) 

it is a mere coincidence that there happens tu be a bright 
star so close to the north celestial pole. In the southmi 
sky there is no bright star dOM to the South celestial pole. 
but p by observing the movement of tlie Southern Cio^s Eiu 
several hour? it is possible to verify that there is also a lixrd 
point, the south cclustial pole, in this half of tht sky. fhijfuits 
a.) 

fust as the earth has a north and a south pole with an 
knagiiiarv line, the equator, half-way between them. m «he 



FUNI>AUEKTALS J 

iky has a wfcrtrrr/ Hjmutor which l£ ball -way between the north 
and south celestial puJcs. 

Schvr, Jrt uf lew It at matters from a slightly different stand- 
poisilx III Figure 3 let the etmle represent a section through 
rJi r centre hF the earth with art observer standing, looking 
at the skv, from stum* pi.ice in a moderate northerly latitude, 
denote tlie latitude of a place on the earth by ' the Greek 





letter 9 I'pliii. We th^rdon? mark the position of the observer 
on the surface of the earth in such a way that the angle ijCE 
ls equal to 9- The height of the observer compared with 
the Hiding of the earth is supposed to be negligibly If we 
draw a line from his eye to the pole star, or tnor? precisely 
to the true position of the celestial pole, this tine iviLI be 
parallel to the a*±s ol the earth. If we try to imagine the 
5Icy as the observer xecs it, we shall first have to mark a tmo 
ranching the surface of the earth, which represent* his limHznn 
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We tan easily sce F t>v drawing a dotted line to any star, S b 
which, in the figure lints bd&w this horizon, that such <i star 
will be hidden by the bulge of the earth, Sketching in the 
celestial sphere for the ah server at the given piifution we 
mark his zenith at the point S£, and the vjabiit portion of hi* 
celestial sphere as the semicircle above the Jtnc ri:pn lining 
bis hori/on r The angle between the; dirretinn b> a at AT nntl 
the horizontal h called the altitude &f a st£LT. It, im leaking 
al the sky yen* choose ary particular star, and fact 1 direclly 
towards it, then the angle through which y^o must turn your 
gaze from the point of the horizon directly below the sliir, 
up tu the pu&LtlOil of the sEar, is calkd itr altitude. If Vuii 
Continue turning your gaze upwards toward*? the xcnith, 
then the remaining angle, from the star, up tu Use position 
of the zenith, exactly overhead, is called the 2fi\ith dtyifivrf 
of the star. The sum of the two sieve I i j * in, of course ninety 
degrees or, 

For any star 

altitude — zenith distance -«- uo c (one rigid angle b 

Id the diagram, t he au^lc POH is the altitude of ihr- north 
celestial pole. But by an elementary geomtrl deal theorem 
about two parallel lints and a third Line cuttirg them, the 
angle ZOP = angle CCK, where N b the north pole ut the 
earth. But angle OCN = f?ta Q — q* so tlmt angle L'flH *- ^. 
i.e. the altitude of the cclestiul pole «= the latitude of the 
observer. Thus in London, in north latitude 5 t| :, 1 the alti¬ 
tude oi the celestial pole is 51^°. At the north pale itself, 
where the latitude is 90°, the altitude 111 the judc is ho\ and 
its zenith distance is therefore zero; or ta put it another wmy H 
Ibe pole of the htaveno is in the zenith as seen from the north 
pnle of the earth. From the equator, at latitude n L! the alti¬ 
tude of the pole is jsero. That is, if you are on a ship, un the 
day you ciws the line, the pole will just lie on the horizon. 

if you follow through the foregoing argument £ It will 
easily be seen that precisely the same urgutneats could have 
been used in the case of the south pole of the heavens. In 
south latitudes y degrees the south pole will be 9 dc^rei-* 
above the horizon; at ibe south pole of I he earth, the south 
celestial pole will Lie directly overhead 

Navigation by the .Stars: The SeMuiit 

This siiuple rule enables us almost at once to make a practi¬ 
cal application. Clearly the navigator of a ship will find it 
extremely easy to determine the latitude of his ship on any 
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3ilit when he can see the pole star. Unfortunately there 
13 no star exactly at the p vie, but with a quite small error, 
not small enough unfortunately to be negligfbta in practical 
navigation, he can, by using a sextant to measure the altitude 
n| i he pole star above the horiion, determine at once what 
the latitude of hi* ship is. 

The principle of thu sextant is Illustrated in Figure 4. M 
and M r are two plane mirrors, the hitter being fixed to the 
frame of the instrument while the former b mounted on a 
rotiiting arm which carrier the pointer P moving over the 
graduated am T b a telescope through winch the operator 
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looks. When ha d ncs so he sees two images. One b an 
jEnage of the horizon brought to him along the horizontal 
Ughfc ray II which passes tllrtmgh ihe mirror M', this being 
only lightly or half-silvered so as to transmit light as well 
as reflect It In the second place lie sees the image of the 
sun, moon, planet or gear by means of the light ray from 
.S which is reflected at M H then at M \ and then into the tele¬ 
scope T. This will only occur if M is at the correct angle. 
As P is moved over the are A at one moment the operator 
will set the sun in hLs field of view exactly in line with the 
horizon. He then reads the angle on the are A. In fact 
if the sun were tn move up through a certain angle the mirror 
M would have to b& turned through only half this angle because 
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ol the ivq]]-kdtiwu property that turning a mirror through 
a certain angle turns the reflected ray through twice thai 
angle. However, to save trouble, the arc A u graduated in 
haJ£ degrees so that the observer can rood off the altitude 
directly. When M and M J are parallel the operator sees tb* 1 
horixon both directly through M K and twi c* reflected in A1 
and M\ The zi-ro point of the graduation of A thus corres¬ 
ponds to a point on the right of A such that PM is then parallel 
to the face of M'\ The graduation in half degrees starts from 
this point. 


Q 



Sextants arc usually lieautilully made nn eJ include all 
sorts of refinements such as verniers for accurate reading 
and dark shades to protect the observers eye when " shouting 
the sun J \ Sextants for use in aircraft, whan the hori.'mi 
is invisible, also contain a bubble arrangement which ithuw? 
when the sextant is being held level, This docs duty Instead 
nf the observed hruirontal IIT but is Jtss VJOtfKLr, so bubble 
sextants often contain devices whereby many Edtitisdi- readings 
□I the same star—up to 100 -may be taken very rupidlv 
and tin* average value shown automatically. This cuts di.iwr 
the greater errors inevitable in the process of attempting 1 o 
make accurate measures from a rapidly moving and unsteady 
aircraft The accuracy obtdimblr with a first - lass marine 
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sextant is about s i r of a decree and with ft bubble v-ttant 
about of a degree. 

The Distance of the Horizon 

in discussing the rule that the altitude of tlic puk w ! aa 
equal to the latitude wp. made tlir- proviso that the height 
«if the observer whs negligible. When this is rot the case. 
Q£ liappens in Observations from a high deck, a mast or on 
aircraft, a cortectiuu auust be applied. In Figure 5 let 0 
h* 4 an observer st a height h above the surface o! the rarth. 
rise line OQ jest touche-s the earth find is the direction to 
the horizon US seen by i i, 

N&w by Pythagoras ' tliedtcm 

OQ* = OC 1 - QC* - OC* - PC * 
for QC ■ PC radius of the earth. 

But DC* - PC* = (OC - PC) x (OC + PC] 

= OP X OR 

The distance OK = diarnetpr of th^ earth (neglecting the 
imal] extra height OF|. 

lienee OQ B (distance lu horizon) 1 = height of observer 
X diameter of earth. 

Taking the earths diameter in re mid figures els £000 miles then 
distance to horiron in miles v/hcigtit of observer in miles -.< 

Soda 

= v' fr y fieighfo# observer In feet 

app r a xi m at cly. 

Ai 50 r the true horizontal through O is perpendicular to Of'. 
Mence Q is too low, i.e, tfie horizon is deprraiSed, as the result 
of the elevation of O above the surface. This angle of depres¬ 
sion is equal tu the angle- QCQ (note that this is zero when 
OF ia zero, as it should be]. It can easily btf shown that 
roughly angle QCO v*E inimitcs of arr where h is in feet. 
One minute of arc (r*) is one sixtieth of a degree. This 
correction must be subtracted from Lhc obttdtvSl altitude 
nl any body as measured with a sextant to obtain the true 
altitude. Thift corrected altitude as the value to be subtracted 
from 00 n to obtain the true zenith distance, (See page 4.) 

The rale §hows that a six-foot man with his eye 5 ft, 6 mehps 
above the surface can sec 3 miles. From a ship's mast too 
fenct high the visibility is ftliout 13 milts. From an aircraft 
at lo.oao loet one can see about T30 miles. The depression 
of the horizon in these cases is respectively ihjut ij 1 , about 
and about ij** 
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These distances must all be somewhat increaSted because 
of the bending of fight rays by the atmosphere of the earth, 
an effect whkS is dbemaed in Chapter V, 

Subsfella r Points and Position Circles 

In discussing the nsfe that the altitude of the pole was equal 
to the latitude we remarked that at the north pole itself the 
pole of the heave jib was directly averhead. Now, for each 
5-tar there ia Fsnme position oej the surface of the globe at eatil 
moment, Such thai the ^tir fs directly Overhead, Thi^ point 
wc call the fv&s&ftar pmnf of that star. For the north pole 
of the heavens, imagining for the moment that we mark it 
by a star, the snhstetbr point is the north pole of the earth, 
and is fixed on the earth. All the other suletcllar points 
are continually muviiL” over the earth's surface as the earth 
turns cm its axis. Now. our rule about the north pule can 
be put in n afightly different way. The rule that altitude 
of the pole U equal to the latitude of the place of obwrvnttirnn 
can be put alternatively ns the rule that the zenith distance 
of the pole nf the heavens b equal to (f)&° — latitude) fWc 
hare merely subtracted both tile altitude -Titid the latitude 
from qo 51 }. But fqo D ■ latitude) is the an^le from the puk 
to the position of the observer, or, what b the Same thing, 
the angle measured at the centre of the earth from the sub 
stellar point of the pole to the position nf the itbSon ciT. 

We need only redraw our diagram (Figure taking any 
star whatever instead of the pule. P. tu sec that the angle 
measured at the centre of the earth from the suhstellar point 
of .1 star to the position of the obwrvcr, bf equal i n the zenith 
distance nf that star aa measured by the cj.bf 9 Grv r rr. This 
is the fundamental rule of all processes of star navigation, 
Now, to what distance on the surface of the earth does nn 
angle ul r say, one degree at the centre of tlie earth, corres¬ 
pond? The radios of the earth in about yitio mijes„ so thnt 
the whole circumference nf the earth is iit times this, nr 
24,000 uillcs,. This- CDrresjMimla. to an angle nf 4fro degrci^ 
at the centre of the earth, so that one degree cumapdntbi 
to about 6ri miles. In all science the decree b divided into 
60 parts called minutes of an:, one of which rt written a-i 
T \ Each minute of arc is divided into 60 parts called seconds 
ot arc, written as i'- An angle of one minute of arc corren 
ponds to a distance of 60B0 feet nt the surface of the earth, 
a length which is called a nautical mile. A spaed of one 
nautical mile per hour is called a knot. Just to Us tile idea 1 *, 
a Fairly fast ocean -goinp: Nner may do about 7 s knots, rorres- 
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ponding to Ado nautical milce in ane dfiv, or r if the ship i9 
travelling due aurth or south, to a change in latitude nl 
10 decrees. 

The use of tilts aytem of TWitical mi Lea simplitu-s matiers 
n. great deal. If a stnr observed to have- an attitude of So 
then its zenith distance: is to D , corresponding to 600 minutes 
of arc Our rule thro shows U5 that the ship is *)oo nautical 
miles away from tlje substellar p>int of the 5tar Disserved 
All aue bail to du is to convert tin angle measured in degreea 
into minutes by multiplying by Go ami the result is the dis- 
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Figure t> 


tance in nautical milee fmm tlie* substtHar point of the star 
observed. (Figure fi.) So if we know that we arc, say 600 
nautical miles from the sah^tellar point of one star, and 1200 
from the auhslcllar point uf another, all we should have to do 
to iix the position of our ship is to draw two circles 00 the 
globe with the cm reel centres mid radii and then we know 
that we must be at one or other of the intersectionW e 
lb ns need two sepamte observations of sEans to £La the 
poaLtsonn of our ship. Even then there is of course an ambi¬ 
guity since tiie two circle* known as po&ilitm eiretts 
intersect in two points, but in practice the two intersections 
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will be far apart—one may be on land oi in a diiiarent ocean 
from the first—and the question oC any real uncertainty 
does not arise. (Figure 7.) 

U wc know the location st the moment oF observation oi 
the siibateliar point of the star observed, then this wangle 
observation tells 113 that the illip bc 3 on n circle Lcntrcd at 
Hie sufciteiiar paint, and having a radius correspondmff 
to the observed zenltb distance ot the star. The cue of tJw 
pole or the true pole, with which we began, is just an 
e.Tamph.' of this rule. The attitude of the Jiote 15 equal to 
the Latitude, (hat is, the zenith distance is (qo : — latitude!. 
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The snbstellar point of the north cclmiial pole is tlie iimiii 
pole of the earth. Hence position circles tor the pul* ^tar 
are apprOKimnt+’Jy parallels of latitude on the earth, Mince 
these an? lines on which artc IS Lit A certain fixed distil me 
from the north pnte of the earth The particular purallel 
b the one which gives the correct value of thi- ec tilth distance. 

All this set-ms very simple All one hai to have for rmvi- 
gataon is a sextant to opabh’ one to tneasui-.-- tin- wmith distant ■■ 
of any star one cheeses, and then otia has to Imve some way 
of kn awing where the Siihstrilar point of this star h - : ,t thi? 
moment of observation. Naturally, hut upfurttmafrlY. 
these suhstellar points move m the earth rotates. Think of 
1 atir such t\s for example the middle star of the handle of the 
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Plough, Mizur, which in Britain is almost d^ntl overhead at 
FiiidnifltiE on a spring night. This menus Licit at Hals moment 
the aubsteUar point of ^li^ar hea somewhere in Britain, But 
at 3 later or ^arlior hour or in tlu> middie of an autumn td^hfc, 
Miiar may Jsu down near the horizon 90 that obviously LheH 
the fttibstehar point of .Mi^ax is somewhere completelyd iffereot. 
CJearl y the matter is somewhat mart torn plica ted than 
we thought, and we cannot k as we might if the earth were 
not rotating, simply arm ourselves with a imrik giving a 
table of thu latitude and longitude 1 of tilt? 5iibstella.r points of 
ail 6lan. 

L-oemln^ the -Stars 

In ord^r to pursue this subject we must try to introduce 
some Older into our method at defining Star positions. We 
do this by meant of numbers, or rcHOfxlm.ites. or map refer¬ 
ences,—call them what you will—which nimble closely 
the similar numbers, latitude and longitude. which define the 
location of a place on tbs surface of the earth. The topo¬ 
graphy of sky as complicated ad the topography of 
the surface of the earth. On the surface of the globe we need, 
something more general anil precise than tin* mrt of recipe 
" Go 500 miles south from the Azores, turn left - i . " and 
sn OH, This SOU tula ridiculous., but in fact, in the aky, amateUTS 
are liable to speak in just this kind of way ; " You see that 
singlii blue 5lar up there: yes, where I'm piosiLtiii^;. Now 
mine down n yard to your right and you'll set- a tiny little 
star „ , , M and so an. Obviously we must have a bit more 
system than thi*. 

I mentioned the pinnae " a yard to your right ,J because 
lEkflt is the kind of thing people say. It is in fact a meaning- 
k-sii phrasa, because when they imagine a yardstick being held 
up to the sky to »m as a measure of distance between stars, 
pi-upic do nut S4iy whuthur the yardstick Js being held up 
a I aim's length or at a distance of a hundred mik s trenn thr 
eye, A yard at these two distances will present au entirely 
different appearance, In defining positions of stars we do 
not spf*nk of the real distances between them: alt the stars 
are indefinitely remote and the real distances- between them 
tremendous. What wq have to do- is to revert to OUT picture 
■f a cctrciti.U -sphere and to specify in which directions the 
stars appear The celestial sphere, which represents thr 
appeanmee of the ^.ky with t\w eye of the observer at the 
centre, may be thought of ns being of any size wc like. Bui 
rmneine such a spltete drawn, and imapirie lines from vmjr 
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■:yr at the Cetstre of tile sphere drawn tu any Ewu Stars. I'Hen 
we can most convenient tv *ay how Ear apart the stare aeqm 
IO be by giving the angle measured at tha eye betwtinn the 
direction-* to UlC given pair 1 A siani, It will help if wu give 
a kw sample angles to fis the ideas. From the zenith down 
to the burial m hi ftf) degrees. The tingle spanned by the hand 
spread out and held at arm's length is about at degrees Phe 



Figure S 


width i if a finger at ami's length is about z degrees, An imli at 
a distance of a hundred yards represents an an gin of oar 
minute of art. 

We specify all the apparent separations between L-tani by 
the angle which the lina** to tlurd make at the eye. I'ln-. 
angle m the case nf the pointers of the T'Jouyli U about .5. 
degrees. More usually we **jy that the rtfl^uftar itpqralion 
between these two stars id 5 degrees. Other sample .separation 
angles are the following:, the Great Square in Pegattlg has 
a side of atwmi 15 degrees [Figure & fbl i. The separation 
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between the two stws r Castor aud I J ullu\, which am the 
principal stars Ill the Loustcllatiun Gemini, the. twins r id abuul 
5 degrees. The I^cmgh is about 30 decrees from the north 
pole of the heavens L Figure S (c) ) : the doutliem Cross about 
thf? same distance from the South Fu lc of the heavens. 
iFifttre a (a) j. 

The co-ordinates corresponding tn liititnde and longitude 
on the earth ajrc aneiiSuted on the sky in a vny similar way. 
'["he angular distance of a star norLh or spuih of the celestial 
equator is called decUitatien, i* always detiutL-d by the Greek 
letter delta rft) and ts measured from JserG to yo' 1 , positive 
values north of the celestial equator, negative values float 11 
of it. 

UecLl nation 

Having got the idea uf declination, let us See what wci can 
do with it. First we must remember that the shttpea of the 
Donate Nations do not change pereepcibly, so that the decima¬ 
tion Of ;v shir ts m number which is almost Ei.vvd Ttieie arc 
some obvious questions which we can answer when once uc 
have the ultra of the declination of a Star at our difnponal. 
For instance, we know that, watch we never So lung, in the 
latitude of Britain we sliall never 5CV the ^uuLitcra Cross, 
while from South Africa or Australia we shall never see 
Ur&a Minor: which atari then can we see from which latitudes? 

Imagine ourselves in the northern hemisphere at a moderate 
northerly latitude: we note tl* fuel Hut the stars rise in the 
east, mach their greatest altitude above the horizon when 
they are due south, and then decline to set in the West, Clearly 
then, aj far as being visible goes, a star is doing its best when 
it is due south* or as we say, on the The altitude 

of th& pole is equal to the latitude of Hie observer. NLnety 
drgrees Rnuthwani from this brings us to a puint on the 
celestial equator w hich is (90 — degrees above the horrimn. 
As lung as Llie star is less than (ya — rp| south of the equator, i-C, 
if its south declination is less tha*] — ^i, it will be visible 
fluLfcj U place m north lultlude o. It will also be lIchj tl'Lii 
stars will still be visible even w hen they are doing their worst, 
that 15 ’.vhr-n they have swung round below the pale and art 
due north of the observer, These stars will be visible on any 
dark clear night, and are called cm ump&lm Stare. A star 
will be circumpolar as Seen from north latitude ^ if it is not so 
far from the north celestial pole that it gets below the horizon 
evert when it as due north and below the pole. Now the alti¬ 
tude of the pole is ^ so that a star will be eircum polar if if 
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is north of declination 90'’ — 9* This is the sainc number ab 
the i?ne derived in iolving the problem of which whirs Are visible 
at alj. There h dearly a eoEnpcnsatiun: a certain area of 
the sky sooth of south declination go 3 — ? is invisible, hue to 
make up fur Ehat. an area dE sky nortEi of north dPCfiaHtkm 
g« J —^33 always v isible. The sir.ini which lie m dtMiHpatiriroj 
intermediate between these rise and -;et. <Figure 9,) 



figure g 

Sfar (I) rriis dJ F, dJ ff; £&ir £3) It citcvmpnlar. F n the 
North CsUitiai Fofe; £AW the Celestial Equator 

We could put exactly the same argument (or a place south 
of Ehe equator^ For such a place the stars near tht* nutth 
celestial pole {north of go" — ta-ulA latitude of observer) are 
invisible, but to make up for this, the filars South pi dei linal inn 
|go fl — south latitude of observer) are- always visible anti are 
circumpolar round the ±auih celestial pole. We mti?,l cm *t-- 
that being circumpolar or being visibfe is something which 
depends not only on the declination of the star hut iki on 
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the latitude of dbserv,aJ.it>n. Let us apply our rulei fnr 
example in the case of a man who live* at the north pate o l 
the rth. 

Now j = go 5 , Hence alt stars, south of the celesta) equator 
arc invisible, since <>0° — ^ = O. On the other hand, any 
star north of the equator is circumpolar, As the earth 
rotates the stars go around parallel to the horizon, and no 
star rises or sets. In fact, as we can see in several ways, 
every star which is vkihlr is circumpolar, and the intermediate 
zone of the skv comprising the stars which nse and set bus 
shrunk to nothing. The same is true at the south pole of the 
earth. All the stars South of the celestial equator are circum¬ 
polar; all the northern stars are Invisible. 

For a man who lives on the equator of the earth the situation 
ia entirely dj Etc rent. Now the value of ^ is zero, so that, since 
decimations run only up to go*, then. 1 arc no chccrmpolar 5 tlTS, 
and all the stars, rise and set. From the equator of the 
earth it is possible to sec every star In Use sky at some time 
nr other* but none of the stars remains above the horizon all 
the time. If yon like you can say that from the poles of the 
earth you can see half the sky alE the time: from the equatOE 
vuu can ice all the sky for half the time. At the poles the 
stars on the horizon j usi skim around it as the earth rotates. 
A little further south those star* which rise and set da sn 
at a very small angle to the horizon. On the equator the 
stare go straight down and set at right angles to the horizon, 

Tbr? Midnight 5uu and the Polar Mfthl 

We shall deal in detail with the §un later. Fnr the present 
we may regard the sun m a star which move* against the back¬ 
ground of the nthrr stars and wfo™* declination varies from 
: degree* north in the northern summer, to decrees 

sou th in the northern Winter. By what has alrcartv bran svifl. 
there must clearly br some parts of the carUi fnr which the 
sun is a circumpolar star. Wheat it has a decimation of 23^- 
degrees north, It will be rircumpolar north ©f latitude 66J 
degrees This is the Latitude of the Arctic Circle when the 
sun is at its farthest north it is circumpolar at all places north 
uf this Latitude, that ls r it is above the horizon throughout 
the 2*1 hour* and thus we havy the phenomenon of the midnight 
sun. But at the sumr time as the midnight sun is occurring 
in the north* tile polar night reigns in the south, -south of the 
Antarctic circle at degrees smith latitude* for OUT fomiuhl 
shows us that South uf this latitude the sun is a. star which 
is never visible. In the northern; winter, when the sun has 
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gone to south declination 33 ! degrees, conditions arc revr™«L ■ 
the north ha* tins polar night, tHn anbvctn: regions tlic midnight 
sail. On two intermediate day? of thi- year, ill ypriug 11 ml 
aatutma, the atm has zero declination and Eic* uli Ihu * ektftiai 
equator. Then whatever the latitude r >f the observer, Uie 
sun rise’s exactly in the east and sets exactly In th-r- urn-t, 
remaining: above the horizon for exactly halt ■ >r the i.y hour*. 

The consideration of the angle of rising and totting :i].|ilicr- 
cquaJly well in the £&$*• of thE suti.. If the sun is visible at All, 
then ihe further north we go tho smaller is the .ingle to < I u ■ 
horizon which the path of tlic rising or wtting sum nuLki-s 
tn far north it takes a perceptible time for the to pass, 
below the horizon, a time stilE further ien,gtfrf¥ie4 hy ir-rLuJEi 
effects of the earth's atmosphere which we shall n/nsider in 
Chaplet V, Twilight may the if (ott- l.k^L 1 * it a huip Lime, 
On t3ie other hand, near tho equator, the sun, like the fiUrs 
rises and Beta perpendicular to the horizon, And thus *k upir* 
the smallest possible time in the process. iVibgbc in tin- 
tropirs therefore laiHS only a lew pinyfes, 1 hr well-kiLnwij 
abruptness of the rising and Setting qf tho sun an thn tropica 
is thus due to the angle to the hanzur it which \\ rbrs iiml 1 f . 

The Knlatum uf the Earth 

Wt have hung tfcii* argument on a navigational peg, intro- 
ducin l; it as the method of finding the substellar pui.tLEs uE 

stars-. So far we have dealt only with ducLmnCiun, and, .. 

what has gone before, it should be clear that thu pubsteliar 
point of a star ns north dcelhmtiot! 3 ss in north Ifttitudr A— 
somewhere on thii parallel of latitude the star is in tin- zenith, 
but the* exact location, east and west, of the- substcllar point 
changes as the earth rotates. 

To proceed further we must coutider the question uf the rota¬ 
tion of the earth nr L what is the same thing. ihe appearance 
Of the sky as it rotates past the obsM'vnr. One funilanunLul 
bn? on the observer's cek-Mial sphere hw already been men¬ 
tioned—the iumdiatl—the line which, in the rmrihcrti hemi¬ 
sphere, extends south from thn north cdertial pule. through she 
zenith, down to the south point of the horizon. In I he 
southern hemisphere we regard the meridian as ox tending 
irom the south celestial pole, through the zenith and uji to 
the north point of the horiion. As we Have already seen, a 
star will have its gfeatot altitude when it crosses tlie meridian 
For each and every observer, the sty looks like a sphere with 
the star position? marked inside it, which rotates as a rigid 
bodv, the axis of notation being parallel to that of the earth 
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TIliS axis is, tliercioie r tilted up at an angle corresponding tti¬ 
the latitude of the observer. 

Thinft of a peeled orange with the lines o! the " divlaicms " 
till running from ono point at the bottom of the nrange to a 
point at the top, We can think of the celvsfcial sphere as being 
marked out in this wav. the top and bottom corresponding 
to the celestial pn'slus-, while the celestial equator is the extra 
Eirce which would be made il we sliced tin- orange in halve* 
the way grapefruit are cut. 

If wg mark a point on one particular H divklcm 11 on thf 
orange, and tttttt it on a knitting nDC-dic stabbed through the 
fruit from pole to pole, tiicn We Can always specify the position 
of the orange by saying liow far round we have tuned the 
selected division line. We measure the angle through which 
the orange lias turned at one or other of the polro—the value 
will be the same—nnr does it matter where on our selected 
division we liavt- rciiidje our mark, thr value will always hr 
the same. 

II then in Imagination we draw a line up from any star to 
thft north polo nf thr heavens, this line will make a certain 
angle at the north -nr south pules with the murLilian id the 
observer. As the earth rotates horn west to east, this angle,, 


starting from zero when the star is on the observer's meridian, 
will increase steadily as the star moves west. The iinport&xrf 
point is that the angle increases uniformly—just as th^ angle 
between the small hand of a clock and the iz o'clock position 
increase* uniformly—and at apprajfimatejjv the rale which 
would apply to a dock graduated fpr twenty-four hum's— 
one twenty-fourth of $ 6 o*, or 15 degrees, every hour. Thus 
a star on thr- cetestiaJ equator (iero declination 1 which is now 
on the* meridian will nave moved a quarter rjf tbn way court] 
the sky after six hours, and* since the equator and the horizon 
intersect at the east and west points, it will, after this lapsr' 
of rim^ W just setting due west on the horizon, The- jm?w- 
merit ol the eircumpolar sTnr* ia more readily wen; il you 
watch fur only half an liuur ynu will ix able to see a pcicuptible 
ft in the pu’jiLlon of either tlic Plough or the Southern Q"^. 

The angle formed at the north OT south celestial pole by 
the meridian and the line to any star is calk'd the knur pngU 


(H.A.) of that star and it increases at approximately 15 degree* 
per hour. (Figure 10.J Thta idea is particularly important 
beca-OM as may be rimi already. the hour angle of a star docs 
not alter if the observer ia transported inafcantanecnisly up 
the surface of the earth due north or soqtk It depends on 
the longitude of the observer and the particular star observed 
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but rmt on tJie latitude ol the observer L hat it dcpotsda 
nn the- longitude oE I he observer lh easily n-cu, tut elraiiy. 
places further east wUJ meet a star being Carried hum i:4frt 
to west by the rotation of the sky. ^Hjjaer: that |»Mita 
further east On the surface of the earth wt3J at the same ninment 
nf tinje correspond to huger hour angles fnr any affected htiir. 


z 



Figure 10 

Z Pd is tkt Nomr A *gb of Slur A. 


In orticr to act up a workable system of star positions, we 
must have a starting point- rjr nn^Ln r just as we du oil the 
surface of the earth, On the earth tbe origin of our flv&tem 
of latitude and longitude is the point in latitude ssru (On the 
t?q.un.ti:ir) and in longitude zero fon the meridian of Urrmwi-rh i 
tr the same way wc have a fundamental point on the sky 
which marks the origin of our system of mlp references for 
itars. It is a point on the celestial equafrir whh tl is varina&Ty 
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called the Fip&t Point oj A fits, ui the Vemni Equip* 1 ^' k - 
way In whith it £5 defined and the Tcason for giving 
names will appear later. For the moment it i=i jnst 
tray point oil the sky from which We start our system of 
reck- .nin^. We have already defined and discussed" ded in a - 
tion which correspond* to latitude on the earth. Now we 


Figure 11 

(0 pmUivm e* ih£ Emh : III} pa.MH.Mi4 inn Ik* Ctittiiol 

Spki'rr ; {i*j) RfLiHou bfluvtn R.A. and $Af-A ■ 


rritist discuss the system of reckoning corresponding to longi¬ 
tude I Figure it,] 


Ascension and Sidereal Hour Angle 

Them arc two methods of doing this: one the method of 
the professional astronomer, the other a variant introduced 
hv Ihe needs of fcatTOTietvigafclDn tor aircraft during the war 
The second is perhaps the simplest to Understand, In Mi-- 
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system we reckon Lite position of a star hv its " lougUiide *' 
round the celestial equator reckoned westwards from tiir ft nit 
point of A rip* m degrees. Hits angle Ls called thn Sidereal 
Ilnur angle IS.H.A.) of the star and runs from o n ii? itm . 

The astronomers reckon in thn revere direction from the first 
point oJ Aries and do so In terms? of hours. minuti-s clj n] m niul4 
of time H reeks ming 15 defers per hour. I I ms 1 star with u 
sidereal hour angle of fio degrees is So* west .hi the first point *d 
Amis, If tine starts reckon ini: round in the opiwreUe direction 
one has to go 500 degrees (36a* min SIM 6 q*) tu 14c t C. I thn star, 
and* converting this to hours. at the rate of ■ I. qn■i-^ to tins 
hour, one gets co hoars. The astnormraer then aava licit tlm 
star has a Night Asctnnan (R.A.J of io hours* 

Each system hits its own advantages. The SI IA lelH as 
I low far ahead cd the first point of Aries any star la, '1 hun 
thr star with an SB A of Go degree t,=t 60 degree* ahead ni thn 
Firs! Point of Aries, and if the linur angle of Ari-- K mxv, 
-jn degrees, then Ehe hour angle of the given star will \»- nn 
plus 40 = too degrees, The calculation of the of 

a star is thus very straightforward. On the other I Laud 
the same calcalatbn in professional term* m that tJiu hour 
angle of the First Point of Aries is J hours ami .|n mlnnti- > 
(converting 40 degrees Into time mrasureh Thr* Hii'bt A*u 1 n 
•don of the Sf 54 T L 5 20 hours. ulid-suhtTacting the Right Ar-Ti^. 1 ■ 1 n 
Emm thp hour angle we obtain minus 17 hours 2u utlmitra. 
We may always add or subtract a multiple of 24 hnars of of 
\6o degrees frnm such a result so as to make it positive and 
leiks than 24 hours (360 degrees} r The reason for fldi 1 fir m Id 
he clear if one relltcti that hour angles of yo bourn nr numa 
id hcHEch fnra star of a given declination define the aumr point 
in the *ky for that star as an hour angle of b hpurs 13 ii^ 
value ts obtained hv KLihtrncrireg 24 hours Irani the first i"snJf, 
and adding 24 boons to the second, fin example which illusir,m-s 
the quoted ruk-. 

Applying this in the present cobc (adding 24 hours) we 
amw at iui hour angle of 6 Ijouhs 40 cumuli, which is the 
same h* too degrees converted Luto time maafitire at the rah.’ 
of 15 degrees per hour. We can write the general result aa. 

Httnf Angle rH.A.i of star = H.A, Arinas + S.H A. star 
or = H r A r Aries — R,A. BUr. 


Sidereal Time 

At any place, the hour angle of the First Point uf Aries ts 
« a I lend Ihe inrat sidmai time, and the hour single of the First 
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1'i.imt o|I A fits ul Greenwich 15 caJIcd the Craenaiek SiaUi-rat 
J :me, Greenwich SictcreaJ Time is nut the time shown hv 
a* ordinary dock, hut in bowks like the t X*utical AlmamJt 
.ind the A ir Almanac, the Greenwich Sidereal Time is tabulated 
Tur liny moment of ordinary time. The particular advantage 
■iF the Right Atctnion system is that each object cumes on 
u ' ™ uiendian uf a place when the iocai sidereal time there 
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T in a position ta how llJJ this apparita js 
ubca to fix the position m the $lcy of any star At any time 
«* us suppose that one is at Gratawich. At the stiver 
nmrr one looks up the Gree-nwich Hour Angle of the First 
F .ant of Aries, that id the Greenwich Sidereal Time. Then 
l ™ ]ts "J 1 in table of star positions the ll.\. or 5£JA of 

, selected _ star, This, combined with the given value of 
Ehe t.T^lawich Siderctd Time gives tbe Greenwich Hour 
Al3 f lc of tht elected srtiir. We can then draw a diagram or 
make a model of the celestial sphere rm which we can marie in 
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exactly where the elected star will appear al thr given time 
seen from Greenwich. But, in navigation, cru* wants tu 
move about the glube and to have methcxLs of krmwla^ tin 
position of a Mar as- seen from any place at an v time, I low 
tlirn istk 1 local hour angle of a given star Tfilateti to the Grt i'll- 
wich Hoar Angle of the same star at the same moment P 

We can see this best by drawing a picture Mowing the mirth 
pole of the earth. Figure ?2.1 GIcarly ii am m m a '*iullu 
longitude, say, jo degrees west of Greenwich the linur angle 
ol an v star will be 30 degree? Jess than it is at I hr- aaniK moment 
at Greenwich. We can therefore write down the lumpli' fm- 
mnla fur the local hour angle of any Star as seen -it liny time 
from any longitude: 

Local hour angle of star *■ Greenwich hour an file (G, 11 . A 
of star — west Longitude, 
or, by what has already been said 

Local hour angle of Mur = Greenwich hour at^ l - r l u l 

(Aunt of Aries -L 

SHA of star — longitude of 
observer 

nr. Local HA- Star = G H.A. Aries - R.A. Star W I oug. 
oi observer, In doing snch calculationa east longitudes > on tit 
negative and must be added. The answer must nlui lie 
between o p and 360* (□* and *4 h \ and if it does nut. ollr i\M& 
or subtracts multiples of 360* (24 1 ) £0 maize it ih « so, 

We now give soniu examples of this type t)l ■ .d uhitjoit. 
The two given contain moat of the essentials of tin* tvp.- *d 
problem. When you have run through the wIluU* *4 this 
chapter come back an d study them. Note that, nil hough 
^tai^ always go wtYfitwards, tills direction is riu-. 1 (lie page 
m Figure 15 [a northDra celestial sphere with the north 1 eles- 
rj.nl pole at the toph and out vf the page in Figure 16 !-»■«« mthfuti 
celestial sphere xvith the south pok at the top), i frllv |>r.u tire 
can give mastery of problems □! this kind arnl vuu should 
try propounding and solving others for yoursdl iimhil Mm- 
d*bi given in tlie appendices, 

Exumpleu 

\i} The declinations of Splat and Vega are lively 

So 1 ' Sa" south and jS a 45' north. From wlut latitmS- Ml- 
they visible as Stars which rise and set and Lu wtuit l.n 1 LI ml*' t- 
are they cinzimipolar? 

Imagine an observer to be in north latitude 1 hen vMieU 
Spaca is on the meridian. due south, it will be to" 54 f belo» 
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Figure 13 


the south point oC the celestial a-qnutur, (Figure 13.) The 
-dtitudd ol the tatter point i3 90 p — 9, ao that at this moment 
l he altitude of Spica is go* — 9 — 10* ^4* , 79*6' — if 
thi-H is positive Spica wilt be above the horizon i.*_ ii p is Ik* 



Figure 14 


?han 79 0 6' Spka will Lima be visible either as a star which 
fL-.i‘S and sets or as .1 dreurnpalar star at all latitudes south 
**f 79 u 6' north. To find in what latitudes Spica wiLI be dr- 
tumpolar we draw a celestial sphere (Figure 14) for an observer 
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in a southerly latitude 9'. bpica travels on tin- Ini ' 1 LM a IN I 

is dicurnpiLii if M is above the hurl*on. I lua 1 ■ ... >1 

tmgl^ MG IT I' - io“ 54 ■■. is greater than ya* - ^ i.«- »* V i* 
gi4ter tliiiti gp* - io : * 54' - 7^ e Spi. -k » Mmh ■ in *m- 
polar for oba&rvess soxrth of south bhttidt} u . 

Fur Vega the reftuSts are: Vega Li visibV ttm l 3 i «.i -mjih 

latitude go* - 3S 0 4-5' - 51* tJ J and .'im-j^L.u liuitli 

Of north latitude 5 I n 15'. I" ■*«* pam Ilf F-ni-Km.l \<*fp 
is just above the horizon when due nm-th unaerTU'aih Mu- pok> 
as it is OE1 winter nights. 



Figure 15 


( 2 ) If the Greenwich Hour Angle -if tile Vernal hqulun*. 
is 3 I 1 draw dfagranks to shirt the positions of (i| Sinus as 
irojn Istanbul and (iij the Southern Crus* as H-cti frotn Sydney 
*t tlds moment, 

Sirius: RJL.-Ch 4 jm: dt^tnaiion — iti" jg'and 
a CnjctSh RJV. lab a4m: dirdiuadwi G*' 4 IJ ’ 

Istanbul : Longitude 2*>' h Latitude 41 'N 
Sydney: Longitude 151 V H Latitude 14 

Li* Draw * wkstial spheifc- mth the north pole at an sUtitudft 
uf ai° coTTospoitding to the latitude of Istanbul, (tiffure 1 50 
The G.H.A. of the Verna 1 Equinox La 3 b, owrespondiiWE tn 
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4^ '■ hul Is ?*> u east of Greenwich. Therefore the Istan¬ 

bul hour angle nf the Vtmji] Kqoinox k 

3Q d + 45" = 74 fl . 

The Vernal Equinox is thus 7.1 west of the meridian, 

Sinus is till 43m past of the Vernal Eqcian*. In Angular 
Dlduiii? 

fjlk — Oo^ and 43m — io = 45' 

I.V SitiuL* is I no 4^' easl of the Vernal Equinox ur 
eoo' 4f rf — 74* = 26^ 45* easi of the 1 meridian. 



Mark thk angle on the diagram and put in Sums iS c jy J 
^'■uili oi the equator. The angle -6 U 45' b Eh 47111 of time, 
1 e. tn Istanbul Simis k east of the meridian by ih 47m and 
^ .11 j. 1 ut 30 3 above thn horizon* 

f”' l*raw a celeanzil sphere with the stnitli celestial pole at mat 
altitude of 34 a currespo tiding to the south latitude of Sydnuv 
1 Figure 1G,} The Greenwich hour angle of the Vernal Equinox 
is 45* and Sydney ia 151= east of Greenwich. Therefore the 
Sydney Hour Angle of the Vernal Equinox is i$i a 4- 45* = 
igfi* iSo D — r^, « Gruels ithc brightest star ip the 

■-i-mthenj Cross} is lah =^m mst of the Vemai Equina* or in 
angular measure iBti n cast, j.e, a Crucis w iB6 a _ 11>&- . 

-- tn° fast of the merit]inn, The Southern Cress Ls thus 
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4- io t irart ol thfi meridian. Murk this uugle at the pole and 
put m the Southern Crag 4 <> r south df the equator. I he 
Sriiithem Cross is therefore almost due South and nd an 
altitude of about fio". 

Sidereal Time and Solar Time 

Th« Greenwich Hour Angle of Lhe First Point at Aries u 
tabulated in the Nautical Aimn a«e or the - J»>■ .4tota*(rr.. 
Thew tables ere calculated in advance, and » sketch <■! the 
methods uvd is uf interest to US- This will make 1 tear the 
usage, which mav seem somewhat odd, of calling the Green¬ 
wich Hour Angle of the First Point of Arira the Greenwich 
Sidereal Time.' What is the meaning df the phrase Sidereal 
Time? Sidereal meins pertaining to stars: why should 
star time be different from ordinary time? 

The Stars arc infinitely distant as compared with terrestrial 
distances, and even when the earth moves round 1 he sun to 
occupy, alter six months, a position in spade which has changed 
by nearly two hundred million miles, the apparent position* 
oj ihe stars will change only by amounts Far trio small to 
considered here, Such chajiyes do occur hilt they uiu detect 
abie ouEy by tlm use of the most refined technical methodic 

For ail purposes then, the syrtcill of I lie stairE forms llSK'd 
reference system. As we rotate on our temstrtaJ roundabout, 
we can teE! when we have completed a turn by iKitfcing when 
we> pmm a particular fixed object. Thus, by noting tin- intrr- 
vaj tictween the parage of a slat across our mr rid inn 0-n two 
successive nights we can tell how long it take- 1 !■*■ earth to 
rotate once on its axis. II we perform this experiment we 
shall find that there is an interval dF aj hours and 30 minutes 
by tha time shown on an ordinary clock between the meridian 
p ^ g fgLgft* of a star art two auocijsaivejaights. i his time intcrvtil 
of 33 hours 30 minutes of ordinary time is called a ddrreal 
dav Slid is the true time occupied by ihc earth iri i-. d-mu 
oni- revDlutkm on it- 1 ? axis. The sidereal day is divide I int.u 
2,1 sidereal hours, each of these hi to fio mimih > ..1 sidereal 
time, and each of these again into &□ seconds of sidereal 
time In one sidereal hour the earth turn* unc twenty* 
fourth pun of a revolution, of through 15 degree* Karh.T 
Gtl, WC spoke ul the earth turning about 13 degrees per hunt, 
> T ow we can make this statement precise. It turn* through 
15 degrees and the - hour angLes of all stars increase Liy e-i 
degrees, in one sidereal hour. The use of the approxinmlmn 
arcs? because of the difference between ordinary timt and 
sidereal time. 
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I'Jir- reason fr it this difference is that the earth la not onlv 
r* dating on its axts r but is also moving in an orbit round the 
■ im, talcing about 365f days to mshe a complete circuit 
l -> understand Lhe effect of this. make a model Put a Jump 
mm the floor and walk round it side ways facing direr tly towards 
t “° | M P i' llje lamp, representing the sun, remains always 
S? 1 «» mocfdtaa (represented by the direction of your nose), 
I he haedI system of stars is represented bv the objects in the 
1 ■ K-cn. Whan the circuit 15 complete you will find that although 
l lie sun “ his not moved in your sky, you have faced every 
piLrt of the room in turn* The sun has been Ltt front of every 
i**rt of tJie room in tom. You have made one turn m judged 
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by the Hied objects in the room. Now, it vqu cum, wait? 
r.juiid the tamp {reverse turns at! the time} making 365 turns 
past the lamp—that is, you must make the lamp sweep past 
your nose 365 times. If after this performance von are a till 
1 ‘*pable of counting, you will discover that you have still 
rnnde one extra turn as judged by the fixed objects in the 
room, J here is always this difference oi one turn for each 
complete circuit in the case of a body rotating on its axis 
and simultaneously d bribing a circuit round a fixer] centre', 
I his means that 363* turns as judged by the movement 
relative to the sun will corpnpond to turns as judged by 
the fised stars, A turn relative to the stars will take less 
time than a turn judged by the sun. the defect being ,| s of 
thr time required fnr one turn. One dav divided by 365 is 
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11pst |Mss than four minutes of time, which is just liitf diJTcrenre 
between a sidereal day and an ordinary dav. In the course nf 
a year, ail the (oiirinmutc pemds will jiiMaild up to one day. 

We can look at the matter from a different paint of vkrtv. 
To imitat e the a an you must make revenie turns in yom 
waltz aril that you are turning cm your a\td in the same direction 
a*i your turning about the central iuti, If you or ihc narth 
turn enough to bring a star back ad to the meridian yon will 
find that, m nee you have also advanced a 1sttI t fuliheI a curved 
Titbit* yon need"to turn Stih a little further in nrdvr to bring 
the sun back uii to the meridian.. This extra turn is through 
.in angle of about I degree, ami since the earth turns 15 
degrees in the hour, this occupied a time of about four minutes. 
(Figure 17.) _ 

Sidereal time is the more fundamertnJ ulu.v yflee tI jc rats 
ijf turning of the earth against the stars very closely Lim- 
fnrrfl. But aatnislly since a siileieu] cIue k gains on an ordin¬ 
ary dock, the two brands of time are not in step, A sidereal 
clock gains ra hours on an ordinary clock in sax months, 
and is therefore useless for ordinary clay to day Urm 1 keeping 
We must regulate our affairs by the sun, and therefore wc need 
a different system of time reckulutii: which ts I il on l he 
poiftioo of the sun in the sky. We must get up in the morning 
rmnad about sunrise Smd no to N in the evening round about 
sunset., 

The Equation of Time 

It Ls fairly easy tu convince nnesell that the sun itN?l| is 
not a particularly good standard timekeeper. As VvtJ know, 
the sun will be at its greatest altitude when it is on the meridian* 
SO that, by putting a piece of stick ill the #round find nnting 
when the shadow is shortest, we can find the mo men! at which 
the sun crosses the meridian. Or we can ect up twn sticki 
Lhr a sheet *>f board to mark true north and south MU It mag¬ 
netic north, which differs from iruu north m mrart t^rts ..£ tin- 
world), and note thL 1 time when thr sun cms-sc^ tin 1 lim\ 11 
oue MtrtP-i the time by an Mrdinary clock .u which tli-t! vim 
crosses the meridian ulic w ill -man. find that I here la a iliN'-ri-in ■ 
between whnl is- calk'd upparrn! noun (tile mi nn^sil when the 
mn is cm the meridian and ncjdn shown by & ch« -k, uhii li in¬ 
variable according to tlx*- Beaantl <af the year and which may 
amount to nearly twenty minutes of time at ils greatest. 
The energetic seeker alter astronomitai kEiowl^dge can du 
this experiment, say T every Sunday for a year and -make a 
graph of the results. The armchair scientist ran erjnviflC* 
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himself of the result in ?wi easier tv ay, A fi we have already 
weti, ihti ^tim rises in the east and seta in the west due to the 
rotation of the earth, and half-way between rising and setting 
■h on the meridian at its greatest altitude. 

Ixtok up the time's of sunrise and funftet given m your pocket 
iIuttv, and for each day hud r.mt the time half-wkv between 
the two, Thus if thf sun rises at fi.ro a,m. G.M.T. (that is 
5 hours in minuted before noon) and seta at, say* 6 hours 3 
minutes after rtCHini. then half-way between the two timna is 
7m J0& after noon. which will represent mughly (hut nnly 
roughly; the difference between mn time (what is called 
apparent solar time| and Greenwich Mean Time. Tilts 
difference is called t\w equation c/ tim* from an old. and, 
m>WBilay9 p sdmogfc paradoxical, use of the word equation, 
iu mean something which hn.q to be added to make an equality ! 

Now let us consider how this difference comes about, and 
why the sun itself ts a bad time standard. Tn constructing 
unr model we rEtnarkpd that as one moved round the central 
l;imp r it earns successively in front at various objects in the 
room. In the same way, ns the earth moves round the Rim, 
the sun is scan, or would bq seen il it were not so bright 
against the background of different constellations during 
different seasons of the year. We can therefore think of the 
sun as a very bright star which moves against the background 
i.£ the other stirs making a complete circuit of the skv in 
ibe course of a year. The apparent path of the Mm against 
the background of the stare is called the telipfac, 

Now tiie path of the earth around thr sun is nut circular, but 
aval in shape, and the rate at which the earth movw in its 
<irbit varies, being more rapid when the earth L3 Ficar the silTl 
iwliich it is Hurirg winter in the northern hemisphere) chan 
when the earth is more remote frmn the sun. This fact is a 
ronsequence uf the law of gravitation which governs the motion 
1 if the earth in its orbit. Thus the motion of the atm against 
Lbe background of the stars is not uniform. As we have seen, 
the difference between the length of the ordinciry day and the 
sidereal day ls due to the fact that each day we have tu wait 
little after the earth lias completed a revolution as judged 
!>y rhe stars to catch up with the sun. If the sun were losing 
no the store £t a uniform rate, this difference would be comtant- 
but in fact the atm is I wing at a rate which is now greater 
lltau tile averager and now less. If we- replaced the actual sun 
by a fictions body moving round the ecliptic in a year at a 
i mi form rate, then the real sun would sometimcR be "ahead of 
the fictitious body, and sometimes behind 
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Them is a second cause uf the difference between solar time 
and Greenwich time. The ecliptic is a path which is. inclmnd 
to the equator. This is a consequence of the fact that the 
aiiB ol thf earth is tilted- Instead of Ix'ing perpendicular to 
the plane of the arhit ol the earth around the sun the earth's 
axi3 is tilted at an angle of about 23) degrees to this perpen¬ 
dicular. The axis points always to tfit same point in the 
heavens—the north celestial pule- so that at one time its the 
year the north end of the earth"* axis is tilted lu towards the 
fiu.il P while Six month* Later it IS tilted away, ■;Figure tS.\ 

If. therefore, we were to mark out against the stars the truck 
followed by the sun in the Course of a year. We should hnd that 
it was ft circle round the sky tilted with respect lu tbe celestial 
equator. The celestial equator forms the basis of the standard 
system of reference on the skv. so that the point* on this circle 



Figure itf 


followed liy the sun (the ecliptic- are at ditemt declinations. 
As the mm naova round the ecliptic its dedination changes 
gradual] y from + 33! degrees to — 23J degrees, and back 
again. We have already used this fact in the cKplanation^ of 
the midnight sun- Now we see why it is that tku sun's declina¬ 
tion b variable,, being in the middle of the northern 

summer, when the northern end of the earth's eJ\ is is 1.1m qne 
which is inclined towards the gun, and 2 3| U S in the middle nf 
the southern summer (northern winter], when It is the southern 
end of the axis of the earth which is nearer the sun. 

The phenomena of the seasons, the midnight sun, and llie 
polar night are the result of this tilting of the earth's Etxb 
Although the distance qf the earth from the suri, its Sotircv of 
light and heat, does varr in the course of a year because the 
orbit nf the earth is aval and not circular, the proportionate 
variation is stiialL The Varying distance has little to do with 
the variation of temperature between summer and winter, this 
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being almost wholly due to the variation in the- appstrrut height 
of the Sun above the horizon, and the varying number qf day¬ 
light hours out of the twenty*four r 

This Mean Sun and Greenwich Mean Time 

Urn difference between solar time and mean time (the 
equation of time) b due partly ta the non-uniform motion ql the 
sun in the ecliptic, it ia also partly dun to the inclination of 
the ecliptic. II the mn were moving uniformly along the 
ecliptic* then at the points where its path crosses the celestial 
equator (the equinoxes'; when- tt is moving at ati angle to the 
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ecliptic, the rate of increase of th« sim* light ascension would 
be less tlian the rate of movement of the sun in its path. {Figure 
19.) Part cf the rate is, m it were, mode ineffective tweause 
Ehc sun 13 moving partly sideways to tile equator. But when 
chr sun 13 near tile most northerly and southerly parts of its 
path it Is moving parallel to the equator and the full value of 
the doily increase of right ascension will be eflective T It will 
be clear that the time when the sun crosses the meridian each 
day depends on its right ;isceiuuon (or sidereal hour angle) so 
that an eSectivts time-keeping body would be one whobL : right 
ascension increased at a perfectly uniform rate throughout the 

year. For the two reasons outEineij the real snn does not do 

a* 
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this. Fur timer-keeping purpose^ the real bun is therefor? ic- 
placed by the mean iicm, a £ctifcto«fi body which goes round the 
equator at a uniform rate adjusted so that the real huh and tbr- 
mean sun earh take a year tu rnajtt a circuit- Greenwich 
Mean Time is the Greenwich Hour Angle of the mean sun plu* 
13 haute- The t- hunts is added so as to make the day start 
at midnight. 

We have incidentally cleared up several outstanding points 
in the course of this argument. ['he vernal equinox <nr the 
Flnft Point of Aries) is one of the points of intersection ol the 
celestial equator with the ecliptic. When the sun i-. at thus 
point Lt 15 on the equator, it therefore rises due east and sets 
due west, and is above the horizon exactly s * hours, Day and 
night are equal; this day occurs in spring about [VWb 21 or 
and the explanation of the name H wninl fjquhiox 
:pertain mg tu spring; equal night] is clear. Right ascetiinon 
is measured from thus point in the direction hucIi that the right 
ascension vA the sun is always increasing ill its movement against 
the star background. 

I'hrec months later P about June v* or 33 the syn is at sis 
most northerly position, with a right ascension of o hours and 
a declination J of 33i degrees. This situation is taih-d the 
summer solstice* and is the middle of the northern hen us phi.■u- 
Bummer- Three months later still the sun is l tossing buck 
over the equator to the southern cclesty hemisplwp?. I his 
it, iho autumnal equinox, when again, the sun being on the 
equator, day and nigllt Eure equal, lastly about ] December 2 2 
or 33 the sun is at its furthest south and the situation is fill'd 
die winter sobiice. 

Tims-keeping ls thus a mote complex business than one 
might have thought, and evert now we have merely referred 
very simply to the most important dements in the- situation. 
To summarise, these arc uniform time is dnfineil by the 
rotation of the earth, giving sidereal lime. 'I his being un- 
sue table far civil requirements, a time reckoning system brad 
on the sun is required. The sun itself b unsuitable breaum, 
bv reason of its non -uniform motion against the stars, and the 
inclination of its path, the nionicais of the f&b-yuge of tlur sun 
across tlic Eneridimi uf any place are not equally spaced- Thv 
sun is therefore replaced by a fictitious body, the mean sun, 
which erases the meridian at uniform intervals. The Green- 
wkh Hour Angle of the Moan Sun |ht time measure pin* J- 
hnurs, is <Greenwich Mean Time, 11 differs from the time bawd 
on the true sun bv an amount which varies throughimt the 
year which is called the aquation of time, (Figure aoj 
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Local TLmts and- Zuut; Tini^ 

I'his defines timeal Greenwich but not foj <mv other meridian 
<J _ n the uurfacc ot the earth. 1 11 fact, of course. Greenwich 
liiiie is kept aJl over the British Isles which meartsi that the 
apparent time as shown by the position of the sun will be 
ilJected by the longitude For places fast or west of Gr-ubwicJi, 
J£ut tt would be most ixtoon valiant i t eul1 towp kept local 
mean time arj the plan of keeping sl sfcuidnnJ tiinr thmughum 



Ll - [||Q|? of ^ugtade ^ fldwtod In tJu- British files this zone 
Hnv- LS (flWfiwich Mean Time. In the west of England ami 
Wiihhs, times of phenomena, inch as sunrise and sunset, will 
ult be Late by U low’ minutes due to tile change of longitude to 
the west. This Will affect Die armchair method of finding the 
■-1.3ijatL1.1u nf time mentioned above and lot a given place will 
:-EiLU the whole graph of Figure 20 up «>r down by a few minutes 
3 " get the true values you must apply a correction COrtefr- 
pajidmff tii your longitude dtifersnce from Greenwich converted 
tutu nine, 
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Sundials nnd mm compasses (juitn-e fomm of the Litter I require 
the equation of time and the longitude differenct! to be taken 
into account- 

In Other countries time zones cnaTcfipcffidlllg to a setef-len 
meridian pasting through the country arc adopted. Hie 
Atlantic Coast of the U.S,A- keepa the time i>f the meridian 
75 degrees Lcm.gitu.de or 5 hours bach from Greenwich. I he 
Union of South Africa keeps the time of the meridian 30 decrees 
E- ur j hours fast on Grwttwidi -and so on alt over the- world r 
Approaimatelv at I&o degrees longitude is the fitters at i Oil a I 
dat36 line, nices west of Greenwich keep time alow on Green¬ 
wich, the difference increasing the further west une goes, until 
at 1S0 degrees W the difference is 1 2 houm- Going east, zone 
times get more and more fast rm Greenwich until at j ho degrees 
E longitude the zone time is 12 hours fust. \&o degrees h 
and 1 fin cjrgrees W represent of course the -clitic merUli-Ln and 
by convention in crossing this line mic jumps a wholi- day, 
gahimg a day in one direction and S-.^=>iinp it in the other. 

In dealing with problems in which 20nn time Ls involved the 
simplest procedure is first to convert the zone time to Green* 
wicLu For sample a problem concerned with an observation 
made in W longitude 73 dpgffiffl nt local time to a.m. [corres- 
ponding to zone 75 degn^-s Wl should be tackled by con^uScrin g 
it as a problem concerned with Greenwich Mean T imp icdi -f- 

5 Wc Jay now come back to our orig 1 md nav i gntmn oJ pr< iblem. 
and sec how it is salved. The. navigator wishes to know where 
the sutntellar point of a particular star may !*■ ft will hv n ™' 
clear that he can, from the known G.'SI 1 ■ of his obscrvutioti. 
find the corresponding Greenwich Sidereal Time, The sub- 
Stellar point is in a latitude (north or south) equal to the north 
or south declination of the star. Its wot longitude will be 
equal to the Greenwich Hour Atlgh 1 of the star which he can 
hud from the R.A. of the star, and the Greenwich Sidereal 
Time for the momeitt concerned. By methods which cannot 
be discussed here, he can then work out the position circle 
corresponding to the observed altitude, .nul, repeating this for 
a second star, lie is enabled to Gk his position as the intersection 
of two portion circles. 

The Calendar ^ 

Wo conclude this chapter with a few brief remarks on the 
subject of calendars. We, in these day^, nre apt to think of a 
calendar a-s something bearing a picture of a pretty pit which 
the greetr sends round to his customers At Christmas, recording 
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li scheme at dates which atr;. sumdiow, fixed from time 
immemorial. We £ail to realise that takndara are invented 
^nd that our our present calendar is an ingenious compromise 
between a Variety of almust irnKT-anciiable natron nudcal fact* 
mixed up with a great deal of history and tradition* 

Lni ns ask ourselves why we need a calendar, what conditions, 
must it satisfy, and how we would set about re-establishing a 
calendar on, the hauls of our own cjhs^rvatirjns. Calendars 
are, fundamentally, based on the two faeU that there n re 
certain ubvinus astronomical periodicities, and that for t host 
purposes it is convenient to lump days into a series of blocks 
(such as month* or years) rather than tu adopt the course .,f 
numbering the days in order, starting from some arbitrary date. 

The must obvious astronomical, periodicity is the reCurruDce 
4lf thl2 pbH-ra of the mono, a period which is sumewhat irregular 
but winch averages *9*53^ days. Most early calendars were 
h^ed on Oils period, or on the nearest routed number of *0 
days, and traces of this practice remain in our own mmitlis 
which axe fell dose tq 30 days in length. 

[he average interval between successive passages of the 
^un through the vernal equinox [what is called the tropical 
year| is 365 24?? days. The recurrence of the seasons takes 
place in tins period. At this ill terra! the sun reaches ib* 
greatest northerly declination. The time between Sunrise and 
h unset b then Longest- (See Figure 9,) Spared at the same 
intervals, axe the moments when the Sun has its greatest 
southerly declination, when the daylight hours in the northern 
hemisphere arc shortest. While it is true that the recurrence 
of seasonal weather condition* is tar less pronounced and lea* 
vadiy recognisable than the recurrence of lunar phases, it is 
important for agriculture to know in advance when |on ihb 
■svi-rage) spring or autumn weather may be expected. This is 
most easily secured by fixing a definite date in advance. Now, 

I r the length of the vear is wrongly estimated by the calendar 
in use. any error will accumulate steadily, so that, in the end, 
such a calendar will lead to seriously erroneous predictions of 
the advent of seasonal weather conditions. As an example, 
lake the case of the -Viohajtirncdan Calendar which la entire!y 
lijEiur, liaving alternate months of zn and 30 days, giving a total 
vear length of 354 days, in any given year she error nf ti J 
days may not be serious, but in two years this will have bcimme 
“t da^'S, litid so uti, so tluit the lunar calendar very rapidly 
falls out of step with tile sola? (or Seasonal! calendar. This 
calendar is still in use, and, far example, the fast month, 
Ramadan, circulates round the year quite rapidly. 
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It is therefore essential for modem purposes to arrive at a 
compmnuflr,. which preserve* the useful i.Uvisi.s>n into siicniLk^, 
anrt which y-L give* a ckwso approximation to the true length 
of the year. Attempts to secure this condition have bwn 
very numerous. -inn l we cannot go into detail*. An important 
line was the oabncLar adopted by JuJfctaCaesar on the advice of 
Sosigenes, the Alexandrian astrahomor, Julius Caesar added 
10 days to the old Homan lunar year of 355 dsyn and Introduced 
ft leap year (in which February' tad 29day5) every fourth year, 
After many viclsaiturin and misiiiierpi* 1 rations thn calendar 
was stabilised in a,d. 3-^3 so a* to Eoltow this rule, which gives 
a year length of 365-25 days, to this period, the beginning of 
the year was fixed as March to coincide with the t ol 
the Annunciation and, approximately, with tbi Vernal 
IK-qu max. Thus. in lbs system, now known as “ t Hd Style ' , 
the date*, March 1st 1000 A.D. and April ist 1001 AD, wet* 1 
separated by only 00c month. 

This, the Julian calendar r giv*-* a year length of 3^v z ^ days, 
whereas the required true length m 303’J42 2 days, I hr- ;usnuaJ 
difference of 0-007® days wild, in a century. acc Lira ill ate to more 
than three-quarters of a day, or exactly, one day in 12B years. 
After this calendar had been in use for a thousand ycais, the 
error had accumulated to serious proportions, arid, in 13B3; 
Pope Gregory reformed the calendar so as to eliminate this 
emit, This was dan c by omitting several days In U u* ret: hi 1 mu e 
so Unit the day folio wing October 4th 15^- was October 15th 
1582, This jump was slightly larger than necessary* and wu 
made on astronomical advice, in order to adjust the date of the 
vernal equinox. Tn prevent a recurrence of the err or, the 
device was adopted of dropping leap years in century years, 
except when the first two figures wnn? aL-o divisible hy lour 
This system, the Gregorian calendar, is that which we me today. 
the year 1900 was not a leap year, but 2000 A.h. will he. Thr 
result L=i to reduce the length r>£ a century by n-75 days, instead 
of the 0-78 required, but the residual Rimr is bo numiJ that it 
will not accumulate to serious proportion* for many centuries 

England adopted the* Gregorian calendar in 175s hy which 
time the error had accumulated to 11 days. September nud 
1752 was followed by September 14 th i 751, and at the same 
time the date uE the beginning of the year was changed tn 
January 1st. At lhe tune, riots, with th« cry Give back 
our elsvta days" broke out. The principal modern relic nt 
lb s situation Is provided by the ffu t that the British financial 
year Cud* on April 3th, which 33 Old -New Year's Day (Marcla 
25th) displaced hy the eleven day* change of 1751, 
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T'ri^re k 5 some opinion in favour pf further calendar raft™ 
50 « 10 tinn ^ the day of a given date on to a fixed day of the 
vvw 'k- Tilts would render it uBaecessary to print new catendart 
for each year, and would be achiovpd by tlit? uk of a Year Day 
rvery year, and a Leap Day every' fourth year, neither of which 
would be given L] ir name of a Weekday ■ 
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We now have a system of map reference (Right Ascension 
and declination) for defining the position of any atar: _ given 
these numbers we can estimate roughly the pasitioo in the 
sky nf the Star to which they dHRSpoitd as seen at any time 
from any part of the earth. But so fax nur sky is Like c \ new 
sheet of graph paper or a blank map. It is nikd with lines 
of declination and right ascension but it has no stars on it. 

Star Magnitudes 

Astronomers use a system, Called the magnitude syftLfcHl. 
to describe the brightness of various stars ns they appear to 
us. The system owes its origin to two tacts, one historical, 
one physiological In ancient tunes the astronomer liippar- 
chus, wishing to describe the brightness of stain, ariunged 
them in order. In this hierarchy of splendour the brightest 
nian! were said to Ins 1 of the first magnitude. I hen came a 
group Of prominent, but less bright star*, described as being 
of the second magnitude. Third magnitude stairs are readily 
visible to the unaided eye, but an: usually thr W-^ prom men t 
onc* of each constellation. Fourth and fifth magnitude 
stars, are fainter still and sixth magnitude staJs are thnte 
which are just visible to the naked eye. There are. of enuntt, 
fainter stars which can be seen with the aid ni tdtscopea. 
The total number of stars visible? tp the naked eye in the 
whole sky i* sum™hat less than five thousand, a *iirpruiingiy 
small number. 

In tfiis way of specifying tile brightness of a 5ta* the larger 
ma^isitude nwmisers correspond to fainter stars. It in not a 
very prerise system, because it groups together m each da£B< 
stats having a range gI brightness. In fact, the human eye 
is quite capable, with Induing, of distinguishing ten step* of 
brightness between tcich of die magnitude classes- In the 
nineteenth if became necessary tn replace th? crude 

lutein of Hipparchus by somethDTig a good deal morn precise. 
When precise 'measurement became possible It was found that 
the sixth magnitude stars were almost exactly one hundred 
times as faint as the first magnitude stars. and that each 
step of one magnitude corresponded to a constant ratio nf 
brightness, 

3 » 
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Whiit this comefl to is this: if the eye is presented with two 
serifs of Lamps, of canelk’pcjwens, one, two, three, four, etc_ F 
alL at the same distance, and a second Petits, of Can tile powers, 
U 31 C, two, four, eight, etc., Oita it is the second series. not the 
first, which will appear to form a uniform graduation of bright- 
ness. III the first series each lamp is brighter than the next 
by a constant difference, 1 n the second, each Samp 15 brighter 
than the previous one in a constant ratio Jtwrj|. This property 
of the eye rnahes it possible fnr ns to appreciate very jjreat 
ranges of illumination at one glance. There Li, in addition, 
an automatic adaptation of the eye to tile general level of 
illumination which prevails, so that, for example, bright 
moonlight seems as bright as day. even though the intensity 
Ls several hundred thousand rimes smaller than that of sun¬ 
light. But within each picture* whether by day, by moonlight, 
or by starlight, we can appreciate a tremendous range of 
brightness Just suppose for example that we count one 
fa-tar as being of brightness 10 and another ddc as LiL-.in.ff of 
brightness 20. Then since our eyes respond to equal ratios 
of brightness, ten steps of this kind (doublings) wilt carry 
us through the range represented by 10, 20, qo, So, and so 
on up to 10,240, If on the other hand we saw the bright¬ 
nesses id, 20, 40, 40,. etc., as equal steips, ten such steps would 
take us onlv to a brightness caf 1 3 □. We thus appreciate a 
tremondotH brightness range and, in addition, we find it 
pust as easy to appreciate a ten per cent variation of bright¬ 
ness in a faint star us in a bright one. If our eyes responded 
to equal absolute changes, a ten per cent variation m a bright 
light wonFd seem tremendous, whereas a ten per cent change 
in a faint light would not be detectable. 

Thus when, Hipparchus’s system came to be refined, and 
when it WiLS found that a sixth magnitude star was one 
hundred times as faint as a first magnitude star the inter¬ 
mediate steps to be inserted had to Ire such that each change 
of one magnitude corresponded to the same brightness ratio. 

I Isr value chosen for rials ratio was 2 -Jit because 2*512 
multiplied by itself four times i.e B (a- -51 a) 1 equals one hundred. 

To fix the system completely it is only necessary to define 
the magnitude of one stand arc! star, or ' better still to found 
the system on a group of stars of accurately-known bright¬ 
nesses. The bright stur Vega h m a magnitude near aero.., 
If it were exactly zero thsjn a star with a magnitude ] o (untie* 
that tiro syh-tem allows Us to Specify in termed Latr brightness 
by dccimaLi uf masmi tildes 1 would be one whose brightness 
was 1 /a -51a = 0-4 times that of Vega. A it at of magnitude 
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■S a O Would be of brightness (l/a+512] 1 or 0<l6 times Uli! uE 
Vega The exact mathemitical rule is that, L. Hie luminosity 
of a staa\ is related to the magnitude number m assigned lo 
it h by the formula 

L is proportional to 

or m = constant — 2 '5 log L, 

Incidentally,. if you -ire 1 used to logarithms, don't rurget that 
the usual practice in writing down the Eo^iktithm of .i fraction 
is to use.- the bar notation. 37 or Maniple log Q'5 1-6990, 

but irt working out a sum like the one above it is best to avoid 
this natation and to write it out as 1 + o ■691^0 = — □ ■joio. 
If you da not do this you will get into trouble when you come 
to multiply by 2-3. 

This slight digression into mathenuitn •* is nut essential 
All erne has to remember is that a magnitude is A number 
denning brightness: that the *ero of the scale is arbitrarily 
selected; that larger numbers correspond to fainter start; 
that first magnitude stars are the few brightest in the sky, 
and that slats of magnitude b o are just visible to tire naked 
eye. Further that a difference of 3 magnitudes in the bright- 
rwm of two stars corresponds lo a ratio of brightness of too 
to 1. (Put m = 3 in the formula and L becomes io j| or 
l/ioo). Tt is an illustration of the value of matWmatiL-at 
tnodea of expression that the whole Of the Last paragraph is 
implied in the one formula we have given, 

Vega, which we have tulscn as approximately th^ jsero 
paint of the magnitude system is not the brightest star in the 
sky. Stars brighter than Vega must have magnitude numbers 
smaller than zero, Le, they must be assigned negative numbera. 
The brightest star in the sky Is Sirius, which bias a magnitude 
of — i-jB, Le, it is 4-3 times a* bright as. Vega. Canopus, the 
brightest star in the southern sky has a magnitude of ■ 
which makes it 2-3 times brighter than Vega and half m bright 
as Sirius, Yon can verify these ratios from the formula. 

As we shall sue later the planets Venus and Jupiter, whose 
brightness is variable with position, relative to the sun and 
earth, are often brighter than Vega and gn up to magnitudes 
4"3 and — 2-3 respectively. The magnitude of the full 
moon is about — si-5 or ioo r ooo limes as bright as Vega. 
The magnitude of the sun fs — 26-7 or 4$ h qoq million times 
the brightness of Vega. Among miscellaneous tacts which 
ate of same interest are the following: a stanLiard candle 
is as faint as a first magnitude star when it is at a distent? 
of half a mile An electric lump of 20 candle power b reduced 
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i.'Ji3y to the sj stln magnitude, i.e. is just visible, at a distance 
of about ao miles, if atwrpta^ti of light by thf air is negteufot 
Phis is a forcible comment an thfl necessity of keeping strict 
blackout regulations during war lime. A change of nnc-lemh 
-1 £ ii magnitude is roughly tlm same as n ton per cent change 
ia the brightness of a star or a point ot light. If a source of 
-ight L* moved to twice its original distance it becomes i\> 
magnitudes fainter. 

CkmstcllatlnnE 

When one looks at the sky one sees a jumble of Btars 
which, however, seem to sort" themselves out into groups 
or consteUatloias. The form of each constellation 1.1 memly 
a result of the accidental arrangement of staru in space, and 
■ja!- no Itmd-amenta .1 significance. In ancient tones, ibep 
Sierds and erthers who were forced by their occupation to be 
11lj t of doors H.t night. saw In these hap h a z ard groups the 
figures of gods and animals, Find a folklore bus grown up 
around the constellation s, They have received, or have 
inspired, at any rate in the northern sky P the names of chamc- 
trrs of the etra icat l egends. A Large proportion af the southern 
Loflitcilations wan first named two Centura* ago by tha, French 
astronomer Lar-aiUe, then on an expedition to the Cipeof Good 
Hope. It muat be admitted that only the eye of la*tb can sef 
in many of the constellations the bkcnt-sS of lilff object which 
they arc supposed to resemble. Thest 1 groups have been 
mtahtftd with relatively few modifications as the basis dl 
modern Btar nomenclature. 

'She boundartek ul the cun stelJat kins have be™ fixed by 
mternat.ijona] agreement. The a leas of the various CflflsCi* 
la l kins diner widely, ranging hom between =*□ and 100 square 
du^rees for small constd tat sons surli 0s Kngitta, Equated, 
Cell* and Scutum to very large cadsteilationa, sack ns, for 
example. Hydra, which straggles over nearly a-ven hours of 
Right Ascension. 

3 "he bright bluri in each consteLlationi uit r Limed, almost 
always in order of decreasing brightness, by the letters of 
the Greek alpha bet. Thus, the brightest ytar in the c^nstriJa- 
tirm tfit- Lyre, is alpha Lyrae, but it aka had the un.m<s Vega 
Quite a number of the bnghter stars have sperisd ms, 
very often of Arabic origin. In addition to their specification 
by a Greek letter and a constellation name. 1 lie system 
k somewhat similar to specifying a man, cither by his name, 
or (allowing one mao to one house) by the number of htk 
bouse and the street in which i* stands. The Greek alphabet 
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suffices fa t mgflt of the brighter itars h but when these Setters 
afe used up, numbers may he assigned, I Jius tti« nj i* a 
famous Stat. 6l Cygni F a relatively faint star in the constella¬ 
tion CyptiliS k the 5 -wan. which was the first star in the -shy 
whose distance was determined; in the Last few years it 
has also been suggested that this star poswa At least on* 
planet. 

Finally when these numbers become inCiTtivciherLt. iamt 
stars below the limit of visibility are often d«ugnatrd by the 
name of the star catalogue in which they Appear, plus the 
number in the list. Typical names are Graombridge, Lalandt 
(the names of compilers of star cabtloguesl, H.D. (the mime 
of a catalogue prodaced by Harvard College Observatory: 
tile letters stand for Henry Draper), C P. D. (standing for 
Cape Photographic DuTchmusterung) and so forth. 

Stare which are uf variable brightness are denoted by 
capital letters beyond R and the constellation name. 
Examples are R Coronas Borealis. U Geminorum, He. When 
the variables in a constellation arc numerous enough to exhaust 
the alphabet, double capitals arc 1 used. 

In the appendix will be found a ltd of the jxriitiuiiA, cati- 
Stellation names, and Arabic uLimes of some uf Hie brighter 
^tars in the sky: a list uf constellations; and the Greek 
alphabet. 

The Star maps divide the shy into six regions—the northern 
cap fco degrees to yo degrees north decline, tinn); the snutlicm 
cap (50 degrees to 510 degrees south ilcclinatiuu) and four 
equatorial regions (dbdmaiioiiii 50 degrees north to 50 degrees 
south) from oh to 6h T 6I1 to iih ¥ ish to jflh and ifth it* 
right ascension. 

The Stars on these maps (Maps J, J, 4. 5) arc on the meridian 
at midnight in the periods from the end of September to the 
end of Dccemlx’r; the end uf December to the end uf March . 
the end of March to tike end ol Juries and ihe end of June io 
the end of September, respectively. 

The Northern Csp (Map u. 

No star in this group 15 visible south of 40 degrees south 
latitude. North oE this parallel they begin to be visible as 
stars which rise and set. Oil the equator all stars of this 
group are visible os stars which rise and sel. North of lh« 
equator an increasing proportion, extending southwards from 
the north celestial pole, become circumpolar, until, by latitude 
40 degrees north, oil the stars of this group are circumpolar 

The most prominent constellations are Ursa Major, Ursa 






























Map 6 

Thf Souths^ C*p 
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Minor an c| Cossfcgxia. Less easily recGftnt&able are CftUielo- 
|jardus, Orpheus arid Draco. 

Ursa Major, (The Great Bear, The Plough, the Big Dipper, 
Chaika Wain, etc.) the most eatily rccognij«bEf conuteLLiuLur! 
11L the sky, lyin^ between fctb and T+h FLA. and between declina- 
tinns, 5Q degrees to 7a degrees nortli There are seven principal 
h Liira L] 1 the CDHSEe11aLl'U(] r which is cm the meridian at mid* 
night bi March, arranged in the familiar shape shown iii the 
ftlifcp. The two bright items a fDubhe) and ft are almost 
exactly 3 decrees apart and the line jnininp them ruits dur 
north ft]id south, pointing to the pole star. The central star 
nf the " handle ' Mizar (Cj is double, having a companion 
just dirtinguLshabte by the naked eye. In quite a small 
tdefeCOpc ii also seen to bea double star. 

UrSa Minor* Polaris, the Pole Star, a LTrtii Aliimria. h 
1 ilejgfM away from the LrU* pole and 1? the beginning at a 
line ii£ four faint stars of the fourth and fifth magoitndcs 
I' ading down to a rectangle? ol alar* about 3 degrees by 5 depreea 
the bottom I wo of which, fi and y, are the next brightest 
stars in the const ill tioO. 

Ca&siofvta, tying directly un the other side of the pole 
from Ursa Major and Ursa Minor is at d^ctination Go degree? 
Bod lies between R.A, o hours and 2 hours. The eaiistcHaticm 
ss in the form of a letter W about 12 degrees from tip to tip 
i his ig the chair ui Cassiopeia, lies above arid to 

sine side nE Cassiopeia, Thu mcret famous star of this coostel- 
lation ts licit* Cephei, a variable star, it varies with clock¬ 
work regularity, and is thu prototype of a whole series of 
triable stars, thn Cepheid variables, its variability ha> 
been known since the i*th century rare Chapter V). Dmc." 
and Camtlepardm are Jong straggling constrictions without 
any very conspicuous form. Draco starts nn the boundary 
□{ Orpheus and runs in a scmidrcle round the pule to end uf 
a long bail between Ursa Major and L'fdU Minor. Cflllltlr.i- 
purdus lies mi |he opposite side of thp pole between U th* 
M;ii Of and Cassiopeia 


The Autumn Shirs ioh-eli (Map a). 

f be EUH is QI R,A, oh in March and hence these slaru are 
na the mendian at midnight in the northern autumn, when 
the sun m opposite to them in the sky. The path of the huiS 
ftlie elliptic! in shown as a dotted line passing through the 
Vernal Equinox (oh |.£ A.* Declination reroi. 

Tbw ol thu &ky contains a number of very prom in cur 
couraltatioiHL. in tiie northern half are Perseus, Auriga, 
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TrianguLum. Aries, Tannic Andromeda. Paces, and the 
northern half of Orion, The southern half contains a. number 
uf ]ess well-defined constellations, including Lepus h Cdumba, 
Caelum, Cetus. Fornax, mmt nf the tong straggling coil' 
stelEation Eridamis r and the remainder of Orbit. 

Peril?UX at Dec. ^odegrucs FLA. 3(1 is a cmisu-llaljon consist¬ 
ing of a curved line of faur bright Stars about m degrees bug, 
running up towards the W of Cassiopeia. Between the 
two cusistdlalions Jit* a fumy patch, Uiu famous double 
cluster in t’erseus which, *ven in a tdesuiqv of vnry iiluderahs 
power is revealed as a star duster containing many thousands 
of Stars. jl Persd 15 tire variable star, Algol, mejntioned hi 
Chapter V, A urtf* lies some twenty degree to tin- east of 
Perseus. Auriga (the charioteer) m a eonatell&tbn whose 
four brightest stars form a slightly irregular quadrilateral, 
with a fifth bright star (which actually belongs td latirma. 
the neighbouring constellation) fanning a pentagon The 
brightest of these stars, CapdU, is readily recuguisubh- by its 
brilliance, its. yellow colour, and by the fact that st is tlanlted 
bv a triangle uf faint stars. CipeUm is one of Dae best observed 
stara in the sky. In colour and temperature it is vr-ry similar 
to the sun, although intrinsically far brighter. The star i's 
actually a very close double star, and the orbitst! runt ion, 
velncttiea and other cft&mcteristijLi of the pair a jo well deter¬ 
mined. 

Bdow Auriga and Fcraiift cumes thn constellation ‘J'.uinr,v, 
Die Bull. The principal star is Aldebaran, ml in colour, 
lying at one vertex of a V of faint stars, a group known as 
the Hyades, Between Taurus and Ferwui lie the »;mup 
known as the Pleiades, about seven star^ of the jrd-^th 
ma^rii Elides boiflg Visible tn tile naked eye. Othyr fainter 
star* can be glimpsed under good conditbni 1 b«* stars 
are, AS they appear to be, a group situated relatively ulirw 10 
each cither"in space, much as are the constituent -u.i™ of the 
Ferseus cluster, hut there ts neither the wno dnnsily nor 

rajigm: A brightness among the stars of the Pleiades. In .. 

ways the Pleiad** id a dust nr very similar to the -..luster 
including the constellation Urea Major which also [nr\U‘\ n 
group of stars relatively dose to each other its ft par.’. Huw- 
ever the Uraa Major cluster ii nearer tn us, su l hat the associa¬ 
tion, of the constituent stars is by tin means as obvious us- It 
is in the cast o t the Pleiades. The Pleiades atari are, as 1ms 
been proved by lnng-cxpasu.ro photographs, an mm sided by 
clouds of tenuous gas. 

4 ndf&mcda in Itlr anme declination as Fet&eUS, consists 
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■|| a line qf four bright stm leading up from the Comer of 
tbp 11 Great Square'' of jRay^iu bdnwj, The comer 

star of the iqnsm is th£ second magnitude star Alpheratz 
■a Andromeda*}, white the star at the further end of the lice 
tfs T Andramedae a beautiful double star with contrasting 
colour? treolvablc in 4 quite small telescope. To the west of 
v AmTmrawiae 3 a faint patch of luminoailv, This is the 
great nebula in Androqieda, the brightest and nearest of the 
so-called wtrutfalactic csobuiar, and a structure similar in 
sszq to our OW0 .Ms Iky Way, 

Triangulum lies beneath Andromeda, and furthrr •south, 
farming a smaller obtuse-angled triingle 15. AHeS, South -j f 
this lies i.-£ta* t the whale. Easily Use t striking constc)- 
ttou iti thus quadrant is Orion, 30 degrees from north to south 
and 10 from ™t to west, lying right on the celestial equator. 
It LS Outlined by an irregular quadrilateral of stars, in the 
north, the brightest star in the coDstMlalbn fa Ortonis) is 
IJetpIguuse. bright red in colour. This 5tar ta relatively cool, 
and radiate most of its radiation not as visible light, but as 
light pf slightly longer invisible radiation <infra*red radiation), 
Jf w'g could see this radiation (and various instruments are 
available which can detect it), we should find tbs to be the 
brightest star in the whole sky. By various metbcpds it is 
possible to estimate tin- true diameter in miles of certain stars, 
uni- raf which t& BetcIgcuBf. fletelgeu&e is so lar^c that, were 
■ I located where the sun is, the orbit of the with would be 
mstdtr, The companion star at the northern end of the quadri¬ 
lateral is BellatrLx, a bright blue star. At the centre, lying 
on the equator, h a line of three bright stirs, the belt of 
Orion, with, immediately below, a line of tlircc fmintnr and 
fuzzier looking stan;, forming the sword hanging down from 
the belt. Sou them hemisphere readers will of course ivee 
ihbs constellation upside down, with tlic sword pointing up¬ 
wards. The lm* of the belt, extended south-east, lead-; to 
Sinus, the brightest star in the sky (see below) while in the 
opposite direction the line leads to Aklebaxan, in Taurus, 
already mentioned. 

The more Westerly of the two lower stars of QllOli's quadn- 
lateraj k blue and hm the name Rigel. The whole of the 
constellation of Orion has been sh.Wn tn be aumiumled 
by a cloud of glowing gas. The densest portions include the 
■loud found tin: central "star" of the swt *4 (0 Orioniai, 
a structure usually called the Great Nebula in Orion, This 
' .h-tar" is, in quite small telescopes., sesn tu be quadruple. 
1 'he four star* arc known ns the Trapezium, Throughout 
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the Orion constellation there is a. wealth nf structure pnwliKXti 
bv clouds o( gaa rmi] of dark dost ifltonningted with the 
st.\r-i. J he scale of these structure? is cnarmnus: the distwee 
of the earth from the aufi in unite tnaigmllte-nt in touiperison 
Photographs of these structures, such ns the Horse's llcail. 
are most impressive, but, like mint astmnomkaJ jihotf.graphs 
repioduciKi in books, they show a far higher contrast than 
appears to tlic eye looking through a telescope, l-irvt. long- 
fsposure pbDtogrsphy with very fast plates has I w* r ji us^rl to 
increase the brightness of the feint f|ad cfcmd-v ami often, 
special light filters anil plate? which pn'k nut the purtimlar 
colours in which the emitted light i* most Intense have l»;m 
used. Finally, it is almost always necessary in preparing 
prints lor publication artificially to incn»ac the eirotnufc 
still further by various d evicts ui intensification. 

the remaining eonsfeelkutioil:* ure less, tlicni till die 

already described, and it Ls hardly advisable to try e-i identify 
them when first finding one's way akrtC the sky. The two 
mc.jst prominent are Phoenix and Chtumba, 

The Winter ConateUatipnfi f6h-iah), (Ma|i jf. 

I'he must striking of tbes*- are fremiti i [the twins}, Leo 
(the limn. Cauls Minor, and Ciudi Major I the Irsser and the 
greater dmjsh Others in this region are Minor, [."anr.ur 
£lhc crab) Sextans (the sextant) pari of Hydra. Munrace™ 
{eJic unicorn)* part of Fuppfit, Pyxis. AntLia. and Crater (the 
bowl), "["fits is the pan of the sky lying roughly south ed thu 
ploughshare pan of Ursa Major. The three prominent --mii- 
itellatirans,, Gemini, Cants Minor ami Cartis Major tie on ■> I mu 
rouuhtv north and miith. Gemini, in north declination 30 de¬ 
grees is Qfuct to Auriga. Its two brightest stars arc Cast nr and 
Pollux [ust five decrees apart, Castor thu tnof- northern i* 
5 GcintiiDnim and hunter than Mlus, B Getnlnorntfl* Thin 
\j a C3-W where alpha of a. constellation U? not t-he brightest 
^ta,r in it. Castor, ia a yellow star ami in a telescope as seen 
louhle. 1 ilfii&r just over lu degrees k rotli ■ ■[ s :..-mmi 
also has a prominent pair uf stars very similar Ln separation 
and on art almost parallel line to Castor and Pollux, Confusion 
l^twccii the two constellation* is unlikely. In Cauia Minor 
the more northerly star U a good deal fainter than the more 
southerly (Procycm) m against the more nearly equal blight- 
ness of Castor and Pollux, if we continue south along the 
line from Castor to Pollux for about i» degrees wo come 
to the two Eatriv faint stas- E anti -*■ Cmcri. ^Skjhtlv to thr 
west of this pair we find a fuzzy patch This ia another 
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hunter ul stars. Pmeatipf? {the beehive) a fuse sight in a small 
e^Iit ope. Largs numbers of faint star? from the 7th tu lIjl- 
uth magnitude are to be seen. 

Urn brightest star in Cams Majot 1? Sira us, to be located 
Emm the belt of Orion a* already described, Sirius is the 
brightest, star in the sky, and of a "blue colour; the twinkling 
induced by irregular air Currents in the earth's atlLioaphcre' 
'■I IV ■ ause Lt to seem to Sub a variety of Colours, All stars 
E n Hilda more Or legs, according to the atmospheric conditions 
whu:Li prevail. The oliects of variations of brightness and 
1 ^Imirand Smnll shifts of position Eire produced entirety by the 
1 .irtJi's atmosphere and Lavs nothing to do with the stars 
tboilbHdves. The elfecte, present fi>r ail Stars, arc merely 
imi-rte cutty seen in the ease of a very bright star suth Vs 
Simts* 

Sinus, the dog star is bright enough to be seen even when 
1 Iiivl- la the sun. The Sun parses Sirius in j|J3 passage round 
1 1 "> elliptic early In July. in the heat of summer in. the northern 
ln-iisbphurc. These are the dug days, of reputed hot weather, 

■ un] are so called bt-catESt- the constellation Cants Major Is 

I hiui sren near the sun. The name has nothing to do with the 
Idea that the weather becomes 50 hot that dogs go- mad. 

I he a Lin and Sirius rtw simultaneously early in Julv, the expec¬ 
t'd date of arrival in lower Egypt of the "Nile flood on which 
tile Whole life of the country depends. The necessity of 
Liccunetdy predicting this date was erne reason for the early 
rjevolopnwnt of astronomy in Ancient Egypt. 

Although Sirius is the brightest star in ihr sky and has 
5 *!-n well observed sine? astronomy meted, it was not until 
itibl that it was discovered that it ccmniits i>I a pair of stars, 
HhU( - 1 tuuch fainter than the father, which move around, one 
another in space under their mutual gravitational attraction. 

E he? companion star Sirius B can only be seen, in vary Urge 
Lt’loRcopes, not fin much because Sirhia B is particularly faint 
iit j:h nf magnitude S) but because the strong light of SinuF 
A U[ots ** out. Sirius B, insignificant though it is, is One of 
llie most interesting stars known to astronomy. Modem 
investigation has shown that, though it has only about ^ 
rime* tie diameter Of the earth, it has a mass comparable with 
tlmt of an ordinary star—that is something like 300,000 
times the mass of the earth. The density of its material is 

I I ms about 30,000 time? that of water- uul : ton in a matchbox 
as the phrase- goes—and the problem of how matter can 
"Xiit id such a close packed state lias thrown interesting side- 
It^lllN oti tth idem ideas about atomic structure. Detailed 
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investigation of thu light from Sirius B which is affected by 
the intense gravitation produced by so concentrated a mass, 
afforded q nc of tlatr three cructaJ proofs of Kinstclu'S of 

relativity 

The last of the prominent constellations in thi* group is 
Lf-o r lying on tho ecliptic.. The brightest star Kegulus Vies 
at the foot of a curved sickle-shaped line of stan - this group 
ii often ceiled the Sickle ill RAJ’, parkin cp but ibe full 
constellation includes a triangle of stars to thr v;urt forming 
the hmri quarters of til* EiopL 1'he brightest of these id 
\l Ljeonis or Denebola, 

The Spring Stars [lah-i&lij. (Map 4). 

Id the quadrant Jmtn IS to 18 hum -, liighl .WrJi.iion the 
principal constellations are VlrgjD K Bouto, lb-miles and 
Scorpio (the Scorpion!. Others, less e.iskly i ■ - ■ ^riised. are 
Can ri Veilutici (the hunting do^, I ndia Beretllcts 1 Be mice's 
hair), Corvus {the ernwj. part of Hydra acid Gin Uurva, 
Coruna Borealis (the northern crown), Serpen*. OpMudUlfl 
and Libra (ths scales), For an obonver in Hu- northern 
hemisphere the Lcb it way of picking Tip Mil! prind|CLi land* 
marks is to extend downwards the curved line of the Ih-nidit? 
of die Plough. Going south along Uni Lute ulu- comes 
iimt to ArcturuS (a Bootia), the red star in 'h’- liiiatinn jo 
degrees wtikh 15 the brightest ul this COdftellatu HI. Going 
on down another jd degrees brings ns to tLn bright blue 
Stir, SpicB, the brightest atar of the cunrtulfetiun Virgo. 
C'a^fs Venalici Lies beneath the handle of tlm Hough its 
brightest star being the thin] magnitude xlar, Cut Carols 
(3 Canud VenaEiconim), Thu curious tiMiur J1 Cor Carol i 
Charles" Heart, is said to have originated al the time of the 
restoration of Charles II when this star ia alleged to have 
brightened with joy, Cuma Btmnwts lie* below this and 
above Virgo, and constats of a mass nf fourth, fifth and sixth 
magnitude stars Suggesting the wavy tresses which give the 
constellation its name, C^rvus 13 a small quadrilateral with 
shieSi of about 5 degrees lying south of Virgo, Between Bootes 
and Hercules is the appropriately named Cor*ma 
a tiara or hoop of third and fourth magnitude stars. IlsrtrtJzs 
lies between Corona and the brilliant blue-white star Vega 
ill the Jtf>x| quadrant of the sky. Its brightest star is only of 
the third magnitude and the cerate liattan is best rermgniged 
by a group of five other third magnitude and one other fourth 
magnitude star arranged in two Lines running roughly north 
and South. The six stars are in pairs, the centre pair lieing 
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j httlv i li r^HT than- thercws north and soulh of it. On the hru- 
ji lining thci tap right-imne] pair ft ami J H^rculis) can he 
ghenp-td with the naked eye the fuzzy patch which is the 
famous globular cluster in I Icrculud, a highly syinmetrical 
cluster uE atafB cent rally condensed* atid forming a group 
typical of many other fainter objects scattered around the 
iky. 

£fiuth of the equator lS-Wrpio win**? brightest sLar r An lares, 
ars a brilliant red brut magnitude star to be Keen kjw on the 
h on Lite fit hompH tin Summer nights tn England. The curving 
Hue uf fctani which gives the COnMellatinn its name will hardly 
evrjF be seen from northern Europe. They may just be 
giiiapsed but only on a night when the sky is perfectly clear 
right down to the horizon and when there tire no obstruction^ 

I 111! tine imstates well the tail of a scorpion curving Lip and 
over the back to sting an attacker. Antares i? a double Star 
aud has a fainter blue companion three seconds of arc away 
EE is a Jnie Slight in a tcJcHcope mid the Contrasting colours are 
very striking. An tares itself is somewhat similar to Ifetel- 
g*-use r being in fact a cool star of a very large si*e. 

I lie Summer .Slurs [l^b-24 h). (Map 5), 

This quadrant c-dei loins some of the most striking cousteila- 
J nuis in the sky. The must prominent an: CygmiA rtht 1 awan? 
Lyra, (the lyre), Aquila* (the eagle). Sagittarius itlic archer), 
J'e-gjisus it lie winged horse ), and Piscis Australia (the Bnuthem 
:j=3hj, Less easily recognisabEe constellations are Vulpccula, 
-.iiptta, {tin? a.rTow) h Ddphiistis (the dolphin}, Equulcus, 
AqottriaSi Capricomaa, Microseopimn. Scutum and Corona 
Ainrtfnlli. 

Cygnus, sometimes called the northern rrois. ts el h uge wed- 

II Larked consignation with a line of four stars 115 degrees in 
length, of the ist, snd r 4th and 3rd magnitudes marking tin 1 
upright of the cross. Two third magnitude stars 15 degrees 
apart mark the cross bar. To the west is Lyra whose brightest 
Star Vega le just ciToimpnlnLr in Britain. The remaining 
1 prominent Mara of this small constrllation form two paiEf-, 
the more northerly a pair of fourth magnitude Mas^ 2 tii-gw 1 * 
, 11 iii.rt. mid parallel to these and 5 degrees smith a! them is th< 

1»-usd pair, separated by the eeuhc distance, thin time of 
third magnitude stars. This East pair are fi aLul y Lyme, 
m Lyrae Is a famous star, th« M double double " h a star just 
double to die naked eye, each component of which is teles- 
topically double 

Further youth is A ynita, the 1 brightest star, Altur, being 
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tianked at a distance of 2 dcgrec* 00 either side by 3rd and 
4til fnapiTtmie; itats forming tin; Wings of the eagle, Ouae 
bv is the appropriately sauted Itefp/bntfi* a little Idtr with a 
tail drawn in 3rd and.'4th magnitude stars, which, curved us 
it is h suggests the arched back of a dolphin leaping out of a 
wave. Sagititi; tho artuw, juat north of Aquila. is a straight 
ime of rather fjutft stars dividing nu tin; west to tonn the 
ruathcn of the anow. This rather numerous bright stars of 
Sdgttitiiuty south Of Aquila. form the ratluT rnmplw shape 
lilaatrated in the map. 

The Omit Square of Pegasus, already referred to, raeusures 
is degre c-e by 15 and the direction pf its western vertical sid^ 
takes one down to the bright star Found hunt (a Ftarai Australis) 
in dochruitior 30 degrees south. Scutum (the shield) and 
I 'oronsr Australis (the southern crown) both l.nsuu a considerable 
likeness to the objects which they are supposed to represent 

The Southern Cup 3 Map 6). 

The principal constellations .ire Carina. Crux (t!ir* southern 
L roW. and Centaurui (the centaurj. There nr.? also part of 
Eridauus. Hvdms, Horologium, Reticulum, Mcnsa, Dorado, 
Victor, Volanfe. Pup pis, Charnaelfeou, Vela, Musca. Ciretnus, 
Triangulum Australis, Apu» r Lupus, Nonna, Atu, Octan*. 
Puvo, Telescupium, Indus, Tucaua and Grus. 

i'riiA, the southern* cru*.&, is south ut Vliljo ,ind should l>e 
recognised without fear of confusion by reason of its? small 
me and the brightness of it* four rtur- A riftb star of tliu 
fourth magnitude lies on one edge of the late shape formed 
hy the other four star*. Immediately next tu ihe Cjx.ks 
lies the conspicuous black patch, the Coni back, in reality 
b ckmd of opaque (lust and gas hit)mg mure remote stars 
ftutn view. At ah greater Itight Ascnuskm fire the two 
brightest starr ed Ctnitmrm (4 anti £ Cental iri) live degree 
Lp.irt, pointing towards thr Cmw. The ilirrrtmn of the 
axis of tile Cru-a <y Crueis tn * Creids) and the perpendicular 
bisector of the join of a and £ Centaur* interact at the south 
pule f]f thr heavens, but there is no bright rtar to mark it. 
The nearest star in -pace to the sun as Proximo Centauri a 
faint star in this oonstdlatiuin Alpha is almost as near, 

CuttnpMs, the second brightest star in the sky is in Carina, 
■separated by &oule distance from the main pjvrt ..E the const.:] 
ration, It ia almost due south from Sirius. I tie remain ing 
very bright star eu all this region in Achtinuur, brightest star - 
almost the only bright star—in the irtTug^Ling constellation 
■f Eririanus- it is at sonth declination 60 degrees directly 
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11|ij.K.ifiite Crux mid £>niautu& oVet the pole of the heavens 

Twti i>f l_ti4_- most striking features of th-e southern sky are 
tiut coUBtelkitlons at aEJ hut very large and complex clusters 
of stars. These are the Larger anil Smaller Magellanic Clouds 
tn Dorado and T yean a respectively. They appear to be, 
what they probably arc. additions in nr satellites of Lhe 
Milky Way. To the ninked eye the Largr Cloud seem* about 
six dftgicos across, the Smaller Cloud about ball as large. 

I ■‘I* 1 13 l the Magellanic OoudB can tie seen in tins teteft. ope and 
j ei phfvtigraphs, In include v'Bst numbers ■ I scans, clouds f 
£A\ acid, mure especially in the Large Cloud, clouds ol ob^cur- 
iP3g dust, The nebula known as jo LHjnidus entmeshrri in 
tin- Large Cloud, is a good object for a fairly smalt trlescope- 
CkiM to Ihe Small Ckmd in the sky, but at only a I ruction rj| 

II ^ dlstimce irom us in spact:, is the globular cluster. 47 Tucanao. 
-.I'd ind nnlv to the globular cluster, w QMVtauti tn the fiOrLhern 
sky t he bright cst globular cluster is that ill 1 leiCU le^. {see 11 541 

A word may be added about the const el latious of Aign 
and Si-Tj:c;n& r both of which have suffered ,i political " change 
at the hands of the intcrmitiuuul Co-ordinating body of 
ii&tfutiumy. the InternaltufmJ Agronomical Union r This body 
had to make a ration aJ system out of the stellar profusion 
provided by nature and the mental confusion provider] by 
legend. All constellations now have borders minting along 
parti of parallels of declination and meridians of tight ascension 
like the states of the L-.S.A. Argo, the celestial ship, a sprawling 
muss ol bright stars, was long since divided into Puppifo, 
the poop, Vela, the sails, at id Carina, the k«L 

This has left the Ordinary nomenclature somewhat confused 
^mce the Greek letters employed referred to Oil- old ton Stella- 
turn Argo and not to the separate party into which it is now 
divided. Serpens 1 lhs been split into two entirely separated 
parts I a kc the County of Flint; Serpens Caput (the Serpent's 
head; at 15J1-1 bh, and Serpens Cauda, [the Serpent's tail} at 
18h-1oh. 

There i*, in addltiofl to the stars, a further* very Striking 
i- 1 1 in- nt feature of the sky. This is the Milky Way, an 
jmvipilar band of faint glowing luminosity which encircles 
11n- whole pky {shown hatched ou the maps). Starting at 
Lu^iopeia we can trace it through Auriga, along between 
’ Innn an d Cumin L, through CL point just north of Sirius down 
in 1 hi’ Sotithrm Cr<^ and Centaorus; then along through 
Mm cuth.iI tail of Scorpio northwards through Aquila i<nd 
i'vgtiua iLinl back to Cassiopeia. From Ceutauru* north to 
I'vgmia 11 is divided by a dark lane, now known to be due tn 



TEACH YOURSELF ASTROSOBV 

dust and other obscuring matter In spare lying m front of 
the Milky Way. To anticipate what will follow: the Milky 
Way, sometimes known also as the Galaxy or Galactic System, 
i* the star smrm a! which mrr m n is a member. Its general 
diffuse radiance can. with telescopic aid. Ijc shown tn be due 
to myriads of stare each Individually tno faint to be distin- 
guiEhed* but providing in the mass'a general glow uf light. 
Although in photographs taken with large telescopes the 
stars in the Mi Sky Way sr^em Lu be crowding- together so that 
Thpy utmost til touch, this is illusion, Thn atnrs at 

Li Li* Milky Way are in fact, even in it 1 ] densest parts, Separated 
from each Otter by distances almost as [argil as the is/- -which 
lie between the stare nearer to the feme, and if we were lu be 
transported to any part of the Milky Way the Bomber of bright 
stars io the sky would probably not be increased many times. 

iteearch has shown that, wrtl‘ we able to got ni;ki outside 
the system and tq view it as a whole we should see that the 
Stare of the Milky Wav defined a shape much like the currants 
in a currant baa of high fruit content. The system is round 
when looked down upon, but flattened when seen in profile. 
The currents are more concentrated towards the centre of the 
bun, and the nun, an insigoLm aut fruit, lies fairly far out from 
the centre in the plane where the bun might sliced for 
buttering. All our view of outer space Is had from this 
position, from which we look out through a cloud of stare in 
the foreground. Looking in any direction in the plane of the 
butter layer we see many stars- the Milky Way as we know 
it. fjonking at right angles ta this direction wp rind In our 
way only the thin layer of the half bun so ttet very few stars 
arc Been. It is this concentration of the stars Luwufils the 
centre of liie bun. arid towards the plane of the butter layer 
which produces the i fleets which we s*u. This is the picture 
on the grand scale- in detail there are many irregularities— 
extra concentrations of stars in the form: of rhisterej ekinds 
oF glowing gas. sijch as the m'bqk so Orion; clouds. of obscur¬ 
ing dust like the division in the Milky Way already mentioned, 
nr like the " Coal Sack ,J , the dark area near the southern 
cross. (This is the unshaded area on Map G.) 

Probkm-3 of the structure of Milky Way occupy a 
leading position in modem ^ironomi^ re^eaixh. Hut this 
b a grand H-ale problem. The kind of astronomy which one 
can teach oneself must inevitably start with things much 
Wearer home. We must reduce our scale tit ideas Something 
[ike To.ooo million times from the scale a I the Milky Way. 
and turn nexl tli* pl.incU which movt round tte sun. 


CHAPTER 1X1 


THE PLANETS 


ENunemry Motion 

Everything there is to be known about the motions uf 
tJjE plaiiete round the sun and their relattvfi distances from 
it can be ded uc-eJ Irpm dbscrvatioiia of the positions of the 
plilJltitQ against the itar background. Over a period of several 
retteries, this is the method by which modern knowledge 
nf the solar system baa been gained itud anyone with sufficient 
patience and skill could repeat this procedure. Life is tcj*. ^ 
fibort for each of as to do this, -so wc shaJI adopt the reverse 
procedure, that ilh. to set out the modem knowledge and to 
show what phenomena thi* implies. Von may then fairly 
nasily verify for yourself that these phenomena actually occur. 

As we said at the end of the East chapter, ton sms and its 
L-Ltu-ndojit planets, the solar system, are quite insignificant in 
sl£c by comparison with, for ciainplCj the iMilky Way. The 
brilliance of the planets in the sky and their striking appearance 
Lite due solely to their very c 3<ise pirmilxity iu spkee to us and 
to the sna. Even though, ns judged by the siie of the earth, 
the diameters of some of the phmets are very gnat, and their 
distances from lhe Sun very large Indeed, the planets arc O t 
n vary local and parochial interest. The solar system itself, 
though possibly not unique, ia certainly the only planetary 
system which wg shall ever be able to it Lilly at all clDScly. 
l or us. a planet will mean One of the aLpn'g planets, a relatively 
-mall piece of solid matter moving round the sun in a path or 
orbvi, owing it* Light and surface heat tn tbe smi T and bald in 
i lL.it orbit by the abtmctEqn which the sun everts on the planm. 

Lrji lib biggin with a model; a null weight cm the end of 
ik string. Whirl this around your head. You can fee! that 
there is a tension in the string, and you know that YOU must 
keep pulling on the string as you whirl the weight round, fur, 
if you did not, and hi ilia airing go, the weight would fly oh 
iit a tangent. When the weight is going round at a steadv 
r*£?r the pull which you exert an it is constant. When the 
weight moves at a faster steady pace the pull in the string 
iucraueff r Ji i* this pull which constrains the weigh C to move 
U] a curved path, a path in which the direction of the motion 
of the weight is contiauady turning This force is often 
called incorrectly the centrifugal force. If the weight in the 

SO 
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model represents a planet, then the pull exerted by tfte string 
represents the gravitational attraction of the sun nefcing im 
the plane L There is no longer any visible eannectmn. but 
the farce ii there nevertheless, ami is of precisely the same kind 
as the graWtatinnal force which balds us oti the earth III 
the empty space between the planets there is no other force 
acting and even this gets rapidly weaker as one goes away from 
the sun, although it never, strictly speaking, vanishes com¬ 
pletely. To make a body travel in a curved path there must 
lw 3. icxot acting across the direction of motion of that body 
and in the case of the planets the force is provided by the 
\* rav national attmc tian of die sun. Where grav ity is strongest r , 
La. close to the sun. these paths will be most curved, and the 
planets moving in them will be moving faster, so that just ^ 
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m the case of th-e w&ight an the string there is an increased 
centrifugal force- in balance the larger force of gravity. At 
more remote positions, a planet will move more slowly 

Thus, n planet iltar llle 8 LUL ^ ilS bP moving hist an ir.s urbat; 
Mercury docs 20*7 tulles per second: the irarth, at a greater 
db?tailed does ifl'5 miles per second. Jupiter, live times as far 
from the sun as the enrth travels at about & mild per second. 

The orbits of all piano Is ore examples of the typo of oval 
curve known as an ellipse. (Figure 2i.] Every ellipse has 
two special points, on. tlie longer oats of symmetry which 
are called the foci Of tfH? ellipse- I hi* simplest everyday 
example of an tlljpse and It5 foci is prodded by the practice 
nf gardetterfl in laying out oval tiuwer lied-h They Stick Iwi'i 
pegs into the ground and put a loop of string over them 
nud over a third movable peg. This third peg i?j pudud into 
the ground at the various positions to which it can reach 
when tlfcr- string in fully stretched. Tht'-e points all lie on an 
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etUpK uni tin: two fined are the foci. If th* i>eg5 Mr 
idrjse togellior tli-e ellipse is almost a circle, and if the two 
pqja, arr? coincident* dearly the irmvRbln peg trucES Out a 
circle round the common centre, If. compared with the 
Fhi^e o t tlu' loop of airing the two fist-d pegs are placed far 
apart, the ellipse h very long anti thin or, in astrononucaj 
parlance, is very eccentric, or has a high eccentricity. 

v I'-nnsc^ uonce of the law?: of gravity and of mechanics is 
Unit all planetary orbits arc ellipses, but mitst of them are in 
fact of small eccentricity, that is, almost circular. 'The San 
i'j at one focus of all those elliptical orbits, and. fnr orbits of 
^•snall eccentricity, such as those of the planets, the sun lies 
nitTLOEt at tbe centre of the almost circular orbits, As we have 
when a planet ia near that part of its orbit where it fa 
closest tu ike Sun (near periljriiati) it h moving faster than 
when it Is most remote from the slitl I up r±r {iphxhon). We 
liiivc already met this phenomenon of variable orbital velocity 
id a planet in connection with the orbital velocity af tile earth 
and the cqnation of time. 

The .Solar System 

The average distance of the earth from the* sms is one of 
the standard llieaslafcs Of length in astronomy- It is called 
!he r ivn ivpt11mi ffit iii: it i and according to the latent determination 
measures 03,005,000 miles. We shall indicafr Eater how the 
rti-ierminatiEML of tliis length Is carried out. The following 
tablet gives the name* and certain dnta for the planets. 
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The Satellites 







C^Riiih.H trail 
PUiitI | tU- - 1 -• 
Mlfll* *< inl&rri 

Dlumctn 

Ldlilrp'l 
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7 
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in 
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1 

is 

It 
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7 

3 

4J 
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wi 
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T* 


J* 
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;i 
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IT 

T 
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5 
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Some planets are flattened at the poltS dm- h> rapid mtc-uum. 
Whore two diameters are given the smaller is the polar, the 
larger the equfltodaL Note the inmumae si ?ji of intnrphuieUry 
distances compared with the dimenBteis of any planet. 

Charting the Solar System 

Now let ua consider the appearance of the solar system 

sf'iMi froth the earth, A study of the table shnws that twt> 
of the planets, Mcnairy and Venus* an? always drs^or to 
the sun than the earth is. They have shorter orbital pdriodn 
and move- faster in their orbits. Suppose we consider the 
motions of the earth and of Venus starting at a moment when 
the bur, Venus and the earth are ail in line. Clearly Venus 
will gain on the earth BO that, whereas at th+^ beginning it 
was m line with the sun, at a later tmv- if will lie out to the 
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Figure 23 

FfrtUitm i */ JikrjA jiw,/ i'ram in their mbits, and narrtsppuditTg 
tfUiMpid appearance ft/ F>^fiP 


|frj fi T j intrc^HLiiy md* finitely, A tame will come when Venus 
is fin fur EiJiearJ of the Eftrth that it will* US it Were, be leading 
ihc earth in the race, right ra-wul thu hand ul the cuursr 
J he rfiongatiau of Venus from the sun will inenytw to a majti- 
nuam and then start tu decrease, and aa the figwin? shows, this 
’■nil happen wbm the line from the earth i.j Venus just touche* 
c* 


- uum (Figure 2 2.J Frniq iht- earth, ¥«uu will 
by dny be seen to move forthar west of the sun, 
rfare dawn, before the sun lias risen, and before 
Venus has be^n last to view in the brightness of the daytime 
Hkv, the planet will appear as a M llHiraiing star". The 
angular dist; trice between Venus and the aim will nab however 
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the orbit of the latter. IF we look at the geometry of the 
fjguTs we «t that* at this moment* the line from ths earth to 
V>miH is at right angles to the line from Verm* to the sun. 
Wc can measure directly the angle between thi. direction to 
Verms and the sun at this momcmt r and we shall find a value 
of about 4b degrees, Kicmcntary trigonometry then enables 
to deduce the ratio of the distances From the eanh to the 
sun anil from Venn* to the sufL The relation is 


Distarice otVcrmSfrolSI asm 

Distance of Earth From aim 


Sin 46° = 6-72. 


In other words, by the simplest of observations we ean compare 
the ratio of Use radii of the orbits of Ytnns aud the earth 
round the sun, 

After this moment of greatest elongation Verms appear* 
Lu nin'.-i' in toward* the son. Anally jwdng Ih-liin-l it. A tittle 
later it reappears on the other side nf the sou as an ” evtssing 
stay '\ reaches a muxbmmi elongation on that sick of the 
sun—the value of this maximum angle again htsing about 
40 degrees —and then moves back towvhls the sun until, 
having gained a whale revolution on the earth, Venus once 
more crones the line joining the earth to the sun. 

The general chamcteristics nf tbp motion ol Mercury arc 
much the same except that the maximum value of the angular 
elongation Es hfdf the corresponding value for Venn# or about 
2* degrees. These angles give the maximum distances ahead 
or behind the sun to which these two planets can attain. Ill 
terms of the axial rotation of the earth they represent 3 hours 
and t| hour* respectively. That b to *av lbat Merciiry 
never sets more than alxntt qn minute* after the sun or rises 
more than 90 imputes before it l Venus never sets more than 
nbnut 3 hours after the sun or rise* more than 3 hours before it. 

Wc have beep describing the characteristic.* of the motion 
nf a planet whose orbit is interior to that of the eurth. These 
ait, that the planet in question always Ur* fairly near lo the 
sun Ip the sky, being sometimes on nne side of the sun and 
some times on tin- other. From Che maximum value of the 
Separation of the plane from the sun it is possible to deduce 
the distance nf the planet from the sun in terms of Che astm- 
ndmjcttl unit. 


Phase a of Inferior nonets 

linfh Mercury and Venus like all the other planets owe all 
tliKtr light and heat to the 51m. and shine solely by the light 
reflected from their surfaces. Each planet is, therefore, 



at any moment hail in darkness and half ill militated by the 
sun. Thu brightness of a planet will depend, among other 
things. un licw much of tins iUuniLnat™ half we ca It se^. j 
Suppose-, iur example, Venus b on the opposite aide of the 
son [lolll the earth. Then the planet will appear very -el ns* 
to the sun, and, if we could sec it r we should siue its iliummuted 
half present I to im On the other hand, this illuminated 
Jl&c will appear ven 1 small because the planet is then at its 
maximum distance from ns. When Venus ia ckriest to us, 
that is, is almost in a line from the earth to the stm. but on 
the Kune side as the earth, the planet has its ERMsmum 
apparent diameter but the side which is turned towards us 
is the shadowed one. hi this case then, die planet will 
aejain appear relatively faint. When the planet is at its umxi- 
mum dongation from the sun we shall set half of the iilumi- 
nated hide and half of the dark side, that b r m u telescope 
the planet will look like a tiny moon at firet or last quarter. 
Ilk thb sort of p*jfdtlafi tlie planet wilt took very bright indeed, 
for although only half the disc is- illuminated_ the distance 
of the planet from m Is not very great. It will Ire dear from 
what hjii? been amd that the inferior planets like Vanns and 
Mercury show phases as the m,0©n does, Lind it was one ui the 
crucial testa of the theory of th^ solar system when find 
propounded, tliat these planets should show phase*. The 
maximum brightness of these planets occure when rather 
li--vi thrill, half The disc of the planet apjK-ar-i illumirmtcd, that 
15 when they a how as crescents, lor then the distance Li still 
smaller than when they are nt maxim urn eiemgation and the 
effects of distance and of proportionate iUumiiiutioti tom bine 
to produce maximum bd|m^i P 

The phases of Venus can quite readily be distinguished with 
riie aid of a moderately good pair of held glasses, and, since 
the planet moves round the sun in a relatively short time the 
variation from night to night can easily be fallowed- i|Fhg- 
ure 72 , | 

The Superior Pluticis 

The planets exterior to the earth:—Mars, Jupiter, Saturn 
I'ntiiua, Neptima and Pluto, of which the first three are raked 
eye ejbjecfes, and thK- fourth un easy object for a small tet&scnpe 
or field glass»-s # all present only their illuminated surfaces to 
the earth. Alt thfi^e planets are far itwny compared with th*', 
earth, and are all roughly opposite to "tile sun when must 
conveniently visible at night skj that no part of tliclr dark 
surface is visible An exception ap Melts, which is 1-5:1 tames 
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as fELx fruits Lin? 5 un 0-& the earth is, which means that in suitable 
cin=um*tanceFi a small part of the dark sifte can be sewn. 
Whfrtl Ibis happens Mnm i£ Seen gibbons as the mrrnn is just 
be kite or jyst aftnr full moon. 

E f we compare the motion of the earth wLth that uf an exterior 
plane! as we did in the riise of the earth and Venus wo limi 
n different ti tuition. Now the earth catches up on, lhe glower 
moving Exterior planet- Starting again from a position 
when the sun, the earth, and, say, Mars are nil in line, we ace 
that, at first, tiu- line joining the earth and Mars Kirings in 
the opposite direction to the cnrumnn mutton round the 


Figure ii 

(jp'l Pwitiemv/Earth am/ Mips in ipdi r ; ft) c(?rtesfnmdtng p~vih jt 
Man on iJw tky; [ff appearances oj Mars at pefiiiirM 1 1 ) *nd {E' t > 

turn fFigure 33.I When however the earth gets SO far ahead 
its to be going IJ round tile bend the Lme swings in the 
opposite idlrcctiofL That is, as seen in the sky, the motion 
o 1 is first in one direction and then in the other. This 
same direction persists as the earth goes on gaining until it 
passes round the other side of the $tm. When this happens 
it means that Mars hnsi disappeared in the mn'i brightness. 
Then, as the earth goea oil, Mars reappears on the other side 
of the sum still apparently going in the same direction againsr 
the bnokipround uf the s-iars. Presently the earth begins to 
gam a whole lap m Mini, and, S3 It romra round lUl 1 betid 
still patching up r the line from the earth to Mate reverses tl* 
direction of swing once more, i.e. Man appears to change it,** 
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direction of motion against the star background, and son- 
tinuta this reverse or " retrograde " motion until the sun, the- 
earth, and Mara urn nnr.c more in line. Tile effect uf this, c* 
that Mpt^j and every otlicr superior plane b. appears each year 
\«* makf a loop in its track against Live ^ky background. 

It fa possible to deduce from the sue ol tills loop, just as in the 
c/Mse nf Venus. how many astronomical units Mam is distant 
front the sun. Wirnt it comes to, then, fa thiit by quite simple 
observations of single it is possible to determine the distance 
from the sun of n]\ the planets tn terms of the astronomical 
unit; that fa tn say* it U ei-aidy possible to Cofcistfuct a seals 
model of the solar system. What is lacking Is the lettgth of 
the aetmnomkai unit in miles: wc know all lhe relative 
distances, but not the value in terms of the familiar terrestrial 
units of Eefigth, 

Before eorsaidermg this point, there fa one note which m,U5t 
be added. We have spoken frequently nf the earth. the Finn 
341 d a planet being m line. This is usually only very roughly 
true, H the urbibs uf aLJ the planets were ii exactly the same 
plnne, that is, i[ a true model could be mnde in which all the 
modal planets moved on the same table top, then, each time 
one planet pasarcl another the shadow of one would cross the 
other and there would be an eclipse. In fact, although all 
the orbits of the planets Ue nearly in the same plane, tho 
eomcMence is not exact: this plane of the orbit of one planet is 
slightly tilted with t^pect tq the orbit of any other planet, 
and eclipses are a rarity width occur only when llie bodies 
omeemrd happen to be just at the right points in their orbits 
at the right time. Thus when V^nus passes between the earth 
and the sm it usually does SO just abovL^ or just below the 
sun r onlv very occasionally docs Venus pass across the face 
of the Sim. producing what is known as a transit of Venus. 

Th-c characteristics of the motion uf external platiets are 
thus that these planet* may be seen anywhere round the 
ecliptic ;LLid are best seen when opposite to the sun, i.e. when 
they cross the meridian around midnight, and that each year, 
os a reflex of the earth's motion,, they show a loop in their 
paths Against the Star lyickground- The t« Hnp would be a 
back and fore rigzag if all the planetary' orbits wen? sn the 
same [iJane. The slight differences of plane already mentioned 
f nrn each zigzag into a loop. On the other hand the diiTeren- 
rrt of orbital inclination are fairly sirsn.ll. so that nil the planets 
are to be found in a fairly narrow bind encircling the sky. 
This narrow hand includes the. ecliptic, the apparent orbit of 
the sun round the firth This obvinusJy must 1 m? uo bemuse 
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tlaif track nf the sun against the stars as seen from lIlc- earth 
marks the plane of the earth V orbit reund the sun. whMi p as 
we have said, is clow to that of all the other pEanut- 

tve have wen how to construct a scak trtiwlc! til the solar 
system by determining tike distances of the planets from the 
Siian iti terms of the astronomical unit, in the tal'le we have 
ako listed the periiids of the planets— the true tim-n which each 
takrc Id make one circuit round the* sun. The apparent 
times are affected by the fact Hint the earth in tiu mug. How 



Figure 24 


4 *n we deduce what the urhital period ul ll planeL i ■ IrOtSl the 
interval between the times when the earth parses it as both 
move round the sun ? 

Synodic Period 

Suppose the earth goes round the sun in a certain time, 
pay TV days, while Jupiter goes round in a time Tj day^ 
Then if both start off from the same starling JhiL% they will 
be Jevei again when the earth has caught up one lap on J upiter, 
Suppose thnt when the two planets arc? level again the common 
lane hits mlvanend by A degrees (see Figure 74 ) and suppose 
& certain number nf "days T lias elapsed. Then in thin turn- T" 
days, Jupiter will have gone round through A degrees., but the 
earth, having caught up a whole lap will have i-i^nc round 
A -|- s&ti degrees. Now to mnkf the^c twq HtHlt^mentB correct. 
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certain relations must apply. For Jupiter the period of T 
days filutft represent the proper proportion. A f \tnj qf Us 
orbital t>erii>d h Lt_ 

T A 

% “ 3&> 

Fur the earth 

X = A 4 - 360 = A + 1 
T* 3 ™ 

Thiv-^e equations dimply express the farts that bath far she 
earth and Jupiter the angle through width t hay liavc gone u 
proportional to the time elapsed, putting in the proper rates 
L.n each planet, We an? not interested in A. so lu get rid of 
it we take it* value given by the first equation, and put it ta 
the second. Now we get what we da want, which is tile 
relation between 1 and the orbital periods of the- two planets 
The result ii 



or, dividing all through T, and rearranging 
1 _ r_ _ 1 

Y m tj T 

T is what t5 tailed tlie synodic /Vffraf of the two planets, the 
interval between Successive meetings on the same Sine. For 
the earth and Jupiter taking T H = r year and J f = 12 year^ 
w have i/T n/ra or T = years. That is, Jupiter 

1-- appcoiie th# sun ns seen from the earth a3™t every 13 
months. In practice the calculation works the other way. 
s starving that Jupiter is opposite to the Sutl every 13 months 
we can work out what the true orbital period of Jupiter is. 
Thus, fur example Mara passes the earth once every jSo days 
approximately. Fatting T M . far the period of Mars* in the 
relation given above we have 
1 _ 1 _ 1 

163 t; ~ 7 S 0 

which gives T|( «* 6 S 7 days. Notice that in thr equal inn 
1 r 1 

j t - Y Wc c3J1 replace T a and Tj by the periods of any 

two planets but the second one (with the minus ssgn| must 
idfer to tile one farther from the sun. 

We have Hi us sketched the ham bones of the method# by 
which thi 1 distance# of the planets from the mm in astronomical 
units, and thdr orlutal jicriods eon be determined. Knowing 
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the radii ol the orbita we can talrly euily detcruiiiu' the 
distance of ear-h planet tarn Llie earth at anjf time, fhcsi, 
by noting - the apparent diameter nf th* planet can estimate 
its sii:e h stdl in iBitrnnnmieal units;: if the planet ha* a mom t 
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FigUt* J^j 

Stair ifrlft-mitwiiutt xnwm.triwd in si/efuAs,.- fr.n is /A/ sum’y.Vi 
PMjf a r>d* <>/ Jt?lej«fJ4Pne^ ditto ji if >.■/ u-n ni-u it o^Gf in 

.:■= ;. ir-TM.i^imiiVr.' tfJMfriJflJifflM rfrirrFwinif /Jjf untfiftor di>tmuc -IfV 

Stittuy&frm A ft mm ike autftt'i mr/jra ^iit /f/r pj-j npj'iVj, <ppnf 

Jhr'ttf-- thf iJp w^-Pi^tujij. ii/ijftf WirjA. ift i r > /to ^ fu. iJmi/ f^r mrthnii 
Af j*) iir/ t|i#i tfljivri thr itutarUc "f t?\r ?phw« in mite i /j? !»/’■ Ih 
fsWBH ww/Arad 1J flfcpftW fM /ud rfijdfrticr (1/ tinur. J>rif IAp* PS 4 »* 
g rr4 t*i at tt’A L u -ir'. T ,1 * *.' IUJP: /Pl.Mif pi' ■ rSi ri .\ 1 1 'i. r.u.J | ’) dJ j- r ■: iw/Mj rd.. 
Ik ?fi i - ewfv U sm-tfi, 1’itl itiU Mrfj^r/rrfWr. ■ ArfV i n fto 1 ;va/f^pi m/ 
/>•■ i <*■ ifpn I*r jfrfp 6|p.-'ArnuiHif 
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to* can estimate tile distance of the satellite from the parent 
planet m astronomical uiut-3. 

Fixing; the Scull? 

To fill in t her gap in this chain of deduction we indicate how 
the value of Xhv MtpoQoiialcnl (unit in miles crui he determined. 
Clearly, spued we can make a scale model of the solar system, 
.ill that WB need to do la to determine the distance between 
any two planets. at any time, in miles, and to compare Ibis 
with th* 3 value computed in astronomical units, The difficulty 
m doing ibis arises- from the great size of the distances between 
the planets as compared with all terrcsttEa] distances, Dkvtinces 
mil tile earth are measured by Surv eyors by ft process oi tnan- 
gulation, (Figure 15 (a;- ). First a base is measured by means 
of special tapes, and then, from the ends ol tills bus*: lice, 
angles arc measured to some distant object. The cud* of the 
base Line and the distant object igtm the vertices of a triangle 
and once its angles are known, the lengths of the sides can be 
found bv trlgnu□metrical calculation. Thb method survrs 
well enough for triangles with sides of a few t vn* of mite. 
For larger distaDccfttlw base angles must br measured thorn and 
more accurately, for tilt two long sides Of the triangle become 
more and (nore nearly parallel, ami the whole accuracy of rietcr- 
m matin a depends on [measuring the divergence ut these sides 
from parallelism. Using the diameter of the earth as a base 
but. or more csactly, by taking observations from two 
iibservaEorte, tine in th® northern hemisphere and one in the 
southern, the distance of the moon from the earth (about 
240,000 mite) may be measured (Figure a 3 (cm, but the 
distance of the 8UH is loo large for the same method lo be 
applied in that case. In addtticiii the brilliance of the sun and 
tile Blight iniierJmitmess of the edge of its disc makes it impos¬ 
sible to measure the position uf the edge of the ann's disc with 
the accessary high degree of accuracy. What wc need is an 
obliging sinalE planet which comes within a few- million mite 
of the earth, and which appears only as a pin point of Eight to 
vrve as a very definite murk t«« aim at. Then Ltd- distance 
bil mile* could be measured with predion ami used to fix the 
scale of the whole solar system, Luckily there fo such 11 
planet, 

'Hie hi inn r Planets (Asteroids) 

Between the orbits of Mur* .is id Jupiter lie the ■ ■ rb,L.- il ■* 
-warm of very -small pEoni-ls, the minor planets. Sunn: 3500 
nf these bodies atfe "known, their size ranging down fiom d-Uire 
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E<ts c-F a few tens Of miles to tb-* smallest detectable. The 
Largest* Ceres, has a diameter of <vSo miles; only half a d«i«n 
are mare than a hundred miles in diameter. The smallest 
Arc probably no mg re than large lumps of rpcli. Current 
ideas snggP-Tt that these minor planets may be Hie debris of 
a planet of normal size which for some reason or other in th t 
dim past was shattered to pier os, These minor plan^tFi are 
relative! V Vainer able to the influences of tile larger pliniet 1 *- 
add should a close approach occur, the orbit of a minor planet 
would be liable to be greatly changed by the gravitation of 
the larcc planet, The result is that the minor planet orbits 
aie of all sorts of shajjes. and show a great variety of inclina¬ 
tions to the ecliptic. One of the smaller minor pfaneto, Hr os, 
is* of particular interest, since at intervals uf approximate I y 
_\o yearu Lt passes within about !,i million miles uf the- earth, 
.ind provides an opportunity for a determmaUon of its rh.-ttailCe 
in sinks. The rnvthnfi adopted Is that n, number of ubB-erva- 
tories in the northern and southern hemispheres photograph 
the planet on a number <ff nights during Sts close appruodl. 
The stum hi these fields have previously had their positions 
very accurately drtermiEied, and the orbit of Eros has pre¬ 
viously bc£n very accurately calculated. Then from mc^um 
of the phMugmpIlLC plates the positions of Eros can be very 
accurately determined; by comparing the multa from tHe 
different observatories the bEighi shift; in position due to the 
different locations of the various obaorvatories can bz sifted 
out. The reductions and measurmfinh are extremely com¬ 
plex. but they can be successfully carried out. and the value 
for the astronomical unit already quoted IS that determined 
nt fbr approach of 1931 when the work was orgaEiised by t?ir 
N, Spencer 11 mer., lulTKetly A^trononicr Roviit then JEM. 
Antrmiqmer ut the Cape. I Figure? 2.5 fell 1. 

Sonic Planvrary Notes 

MercuTV is always close to tin 1 sun mid so only visible 
Just lief ore the dawn Of just after Eurttiie It Is a body of 
sotnu 3,000 miles in diameter with no atmosphere and no 
satellite, It is believed to rotate on its uxH in Lite name 
lime as its orbital peruxl round the Sim that it always 
presents the same face to Lhe sun. J Sic illuminated facie 
must bfi at a very high temperature and the dark face very 
cold- 

Ycnus is recognisable by its grcFit brilliance sod im riiaraAitcr- 
Lstlc pearly white colour. This Is probably due to the reflection 
uf sunlight bom the top of an opaque cloudy atmosphere It 



THE rLANF.TS 


73 

i- not known with cr-rtainty what the ratetsl axial nf rotation 
nf Venus is. Various values liivf been quoted amj there is 
some support lor the idea that it always presents, the same Cat p 
to the suil as the muon does to the euxtil, that is-, that the period 
ui rotation on its axis is the Same as its orbital period. Venn* 
lias no satellite. 

The Moon 

the earth is the first of the planets having a satellite. Our 
moon, an UK^lflsademblc body having a diameter of only two 
thousand miles and a mass only one eightieth of that nf the 
earth, presents so striking an appearance only because of its 
nearness to Ihe earth. The average distance oT the moon 
from the earth is about ^^q,poo miJeg,. The moon always 
presents the same face to the earth so that the far side hay 
never 1 h:e: n seen. Hcrtrev^r, the phenomenon known nh 
librafiou allows o£ hi see slightly uiurt than j*3 per cent pj 
the surface of tile HlotMl. The origin nf this phenomenon 
is as follows: the rate of rotation of the moon on its axis is 
uniform but the rate of orbital movement of the moon round 
the earth is not uniform since the moon moves in an elliptical 
orbit, Because of this inequality the asial rotation of the 
moon 15 Hnretfrnro ailghtly ahrad and somc-tTmpn slightly 
liehind tile rate of cubital turning. Sknnctimrfi a httln extra 
atrip of the eastern tidge of the mouli thus becomes visible 
and sometime-a a little extra strip ol the western edge. About 
55 per cent of the moon s surface thus becomes visible at our 
■ 1 n i e- l «r another. 

Thu phn-sea nf tin: moon am due to the varying relative 
positions, of the earth and moan, ns the! moon appears to 
[Jiqvc round the earth. At new in lkui the mono is almost 
directly in line with the sun and on Nil- same side as it. At 
full moon the moon is opposite to the stm. The alignment is 
seldom exact, but when it b the shadow of the muon falls on 
the earth, nr that of the earth on the moon, prtMincirsg an 
■sUpsc- just after, or fust before new moon when the moon 
appears as a crescent, tbr dark part ni its surface- may often, he 
seen faintlv illuminated ( PJ tile new moon uTth the old nioou 
in his arm® This b due to what is called earth slime, the 
reilectlOO of light from the surface of the earth on to the 
shadowed fKir t of the moon. 

The gravitational attraction of the moon combined with that 
ii t the sun is responsible for tides m the oceans. When the 
mom and sun are nearly in the .same straight lint 1 the grsvT 
inlLfiiml effect?. nf the two bf>dtea combine and the tfite-rauung 
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t- ir.:e ip ImgC- When the mf>nn and suri an: at right angles the 
effects tend Iij cancel out and the tid-:-raising force is small, 
rhid dilfcreEice lb responsible lor thu plnmcjmenoc! csf spring 
titles and fjcafhi. Th is result may Seen a trfJle udd, since it bi 
not immediately obvious that forces at rij*bt angles to ooe 
aciuth 1; L' ?hou! 11 cancel eac h other out, 11 must be icmembered 
that, in the case of the sun. the ovend 3 effect nf gravity has 
already, as itwi-re. been used up in keeping th® earth in its 
nrhit. However, gravity on the- near side? of the earth lb 
slightly greater and on the far side of the earth, slightly less-, 
than the mea/i. The effect of the solar gravity alone acting 
on the deformable ocean fand to a much less extent 00 the 
nut perfectly rigid materi.il of the earth itself*. is lo a -nse two 
waves on opposite side of the Earth, not only immediately 
fr?low tin- siul, but also on the remote sld« of th* earth as well, 
When the gmvitaEinnal fpree of the moon is acting ali?ng the! 
iisnt 1 licii 1 this effect is rein forced and .spring tides result. 
When the moon and the sun are in directions at right aiigic* 
to one another, the crest of the two waves due in the sun hr 
in the troughs of the two waves due to the moon, and neap 
ildt-.^ result. 

This argument refers only to the tide-railing forcesv The 
actual heights uf tides arid the water movements observed 
are m u eh affected by the configuration of eoaat*. For tx am ple, 
the Bay of Fundy and the lit i.UuJ Chancel inlets which narrow 
from wide mouths to almost enclosed bays, pnxluce tides ol 
phenomenal heights, while, if the chnniwl narrows still further, 
tidal bores, such as that on the Severn may result. Again, 
in almfjriL enclosed bays, tiiL: rhythm of the tides may approxi¬ 
mate to the natural period of oscillation of tins encloHed mass 
of water and the damaging phenomenon known as flktfgo ItiaV 
occur. Iu the open oceans water movements are still not 
those corresponding exactly to the tsde-raiaing forces ul the 
sun and moon. Irlven in the North Atlantic the water move¬ 
ments may correspond more to those of water in an enclosed 
basin, m which the fid a! wave raided moves round and mund 
the bounding C-Ottstfi with practically nra movement nC tile 
centre of the area. 

The surface uf the moon shows u most varied topography, 
tile chief feature of which 13 the large number of ring moun¬ 
tains. of great height and diameter, (Controversy still rages, 
.ind perhaps wiL| rage inrh'tmitFly, over the origin -pf these rfn» 
mountains. One Bthool favours a volcanic; origin, Another 
bti&eves that they result irom the bombardment of tin: Jrtrwjn - 
surface by mnt'eors. The best argument for the tatter 
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hypothesis is tin Unziiftmcti nn thu i-.irtli i>( crater produced 
Iky meteor?, notably tln.iisc at Ganyuti Uinhalo, Arizona mill 
Uuibb Crater, Ungava t Canada* "Lite mn Liber of crater:* 
i ertainly due tu meteors is small, and all art- of small dimers 
kimts compared with the large lunar erafiets. Any hypothr*iji 
■ iF roeteijr bombardment of thn mixm should also involve* 
similar hn irnti^FLlment of the earth, jltkI, even aUowinf for llt>.‘ 
pratattlon affEiinied by the earth's atmosphere and for weather¬ 
ing utt the earth, one won Ed expect craters of I his kind to he 
more common than they are, The moon ha* no atmosphere; 
stars occulted by thn moon arc extSngiJJshsd instantaneopfily, 
und theory shows that the moon "g (gravity is too fee bio to 
prevent the escape into Space pf all j*as molecules at the 
temperatures which prevail there. 

Heights of lunar muutitains can readily be calculated from 
tile lengths of the shadows which they cast when illuminated 
bv a low sun. The mountains turn out to be very high, and 
can remain so owing to the absence of wind and mm 10 
weather them down. In ah probability, Lhe surface of the 
moon, which consists of some substance having about tile 
reflective ppwnr pf volcanic ash, is covered with hue dust 
produced by the gradual disiiitegratian of tire rockSi and 
perhaps the" mountains thcnrisdvefl are more like sand dune* 
nf hue pa wrier than thr mountains on the earth. 

The smooth dark areas of the moon's sh rface were FjriginoHy 
called " marfa 1 or -sen? because of thtnr appearance, but the 
fcl&cne is a rnfanomiT since there fa rn water oti tlie Ill li OIL 
riii?se areas are those visible with the naked eye as forming 
th% p ‘ face " of “ the mats in the moafi'i 

Notes an the Superior Flands 

Mars, I he plant: 1 ! next outward-i from thr .nun is rattier small: 
iu surface is reddish Ln colour and in quite a small telescope 
the two a re 03 at the north and south polcn which are covered 
with 1 1 ullt frost, E'an be seen as white spots- Thu axiu of 
[■ Nation of Mari- L% tilted just a* the axis oE the earth in 
tilted, so that Mars has seasons, during which the afae of these 
frozen polar cups changes. Mara has an atmosphere, but it is 
very thin. It is therefore not very highly reflecting a* that 
of Venus is, and the actual surface of the planet can be seen. 
[ here is a fairly wet]- known geography of thr Martian surface 
rinsisting In the dc-sc riptLan of the various dark areas GQ Its 
surface- The nature nf these is unknown, As lor the fabulous 
Martian canals, couhdetice in them suffers a severe jolt when 
thn casual observer gets a chance to see Mars in a telescope. 
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How anyone can exactly delineate the large dark surface ureas, 
hrt -1 Itj nthe&e- alleged fine lines joining them. seem? bgypnd 
campreEsen^iinn. when the disc is aO tiny, ami when whnt can 
Iffi B^en 15 jumping about to a greater or less degree as the 
Htmo&phen: of the earth upsets the Ught rays cnminii through 
it. On the question of the existence of the Martian canals 
opinions fluctuate a good deal, A jury at ufctinunictis would 
certain]v hr mg In the Scottish vordict oX lp not proven 
with perhaps a small dissenting minority, M;*rH has two 
moons nc.it visible to the naked eye. One of thv»*) is unique 
in the solar system in that it actually circus tlm planet fabler 
than Mars rotates on its axis. As seen from thesurfaconXMars 
therefore. it will appear tn Hsr in tin? wtusi mA set hi tlw d»t, 
Considflt'ablv publicity was given aL Lite lime in the dose 
approaches of Mlvih tu the earth tn 1954 iuul I'taft. I'hrM- 
piinimncna occurred in (ho following way. I be siynr.Hik- 
periud of Mara, ip. 6r?l b 780 days. Tin: L-anJigumiiuri id the 
sun, earth acid a superior planet such that ail time ar>- in 
line with the earth in the middle is called an uml 

clearly, the earth U then nt its dnscht u> the plann. and iin 
planet crosses the meridian at mid night, uppi-llkm^ uE 
Mare thug rec’ur it intervals of 7B0 day-, or two torresSrial 
yearn J.'luh fifty dais. If tile synodic period were exactly 
twi 1 years i.lppPSItinas w,-uld always occur on flu: same date 
with lilt- earth always ill the sum- [joint in it* orbit, and 
Mark at the same point m the- ■sky. The surplus idly >1a> ■ 
cUuwe the 1 sir'll Of opposition til progress round the Vi-m 
and the position of nppidtwD so advance in-mul iin- nr bits. 
\'hv orbit ni ihe earth is closely circular: shut *0 Mmh dfc-timttv 
dliptkal. The two orbstH are so placed that the disliimr; 
between them lot* a. ininiriiuEEi value ul 37 mil I soil nlika near 
a part of the earth's orbit which WC travcrbL 1 at ihe Uirl n| 
August, and a maximum value of G-z million milek for 1 hi- 
part of the earth's mbit traversed in February. Thua "PP"- 
Mtlulte uf Mars uCCUirmfi in August am I S^i s > ml -i'i me mui'h 
closer than February and March npjxiriritm* In sof, 1 Mh:> 
waa in opposition on June 2 And in 195b oil Seplein ber 1 1, 
the latter very dose to the mtafc favourable da tv |h ^.mbk 
Later oppositions will occur at datt*^ delayed in each uppoailiH! 
vicar by 50 days, and close oppositions will recur only when 
1 ippdsition date has adduced once more to ihe luvmtrahk 
season, i.e. about w.-ven uppcnitirmfi later thim iyjfc (7 v 
days is close lo oac year], that in (971. 

Next clitug the minor platieJ^, title of which. Ertus, ha-j already 
been isientioned. The largest of them are Ceree. Pallas, Vesta 
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and Jimo. \n fntaregtisig new mmnr pLaairt disHuvmd m 
itl5a is Icarua, distinguished by th? s ku:t that It has a very 
elongated, trtrbit Carrying it nearer to the sun at perihelion 
thin anv Other pLanetary body* 

Jupiter, whim- orbit ii nest, is the largest o| all the plan.-Is 
II is i globe with diameters of SSjoo miles and Sa.floo miles, 
these being the equatorial diameters and polar diameters 
respectively- This high degree of flattening in cl tcates that the 
viable Eirrfcice of Jupiter can hardly be solid, and that what i? 
sseeri is the upper surface of the atmosphere, llattened hy the 
rapid rotation of the planet on its axis which occupies 0 
period of only oh 50m, This hifih degrtrts of ilattentng wnh- 
'.iIph that the viable surface of Jupiter um hardly he solid 
and that what 13 seen is the upper surface uf an atmosphere 
ili^ortrd fov the rapid rotation of the planet an its a\i- 
Surface detail* which enables the rotation to be studied, ftivcH 
j rotation period of oh 5 Dm near the equator, and ph 55m 
in higher latitudes. The surface features 1 an foe glimpsed 
with only the slightest of optical, aid. Well-marked belts of 
a red colour, and showing hue detail, esicircle the planet to 
north and south of its equator. much elh ibe trade wind belts 
dm on the earth, Other belts he further north ami smith, 
tin the south equatorial belt » an indent atjrm which at uric 
time marked one nf the most striking features of the surface 
of the planet—the area known w ihe great red spot. This 
JtiTfeia no^ faded and only the indentation m the L*Ht which it 
once occupied remains visible. 

Jupiter is a cold place: estimates of Its temperature depend¬ 
ing ufL the measurement of the infra-red rjutintiuji received 
hum the planet put its tcmperaTure kur Irolnw freezing-point, 
and current ideas suggest that the outer atmosphere, which 
it is known contains rruiikaiieand ammonia. resembles nothing 
no much as the cooling fluid in an ammonia refrigeration 
plant. It is presumed that the planet has a rocky or perhaps 
icc-ahcatlicl core a good deal smaller than the visible disc 
presented to observation. Jupiter, more than must uf the 
planets, deserves mention in a book designed for those who 
vtLsh to teach themselves astronomy, since it is possible with 
the aid of m> tnote than a good pair of held glasses supported 
Igainst some rigid structure. to get a fair glimpse of its surface, 
gven more Striking arc the four brightest of the plant's twelve 
moons. The remaining eight require very powerful aslroiiQ- 
mk&l equipment for their observationhut tin- four brightest 
arc readily seen and their movements from hour to hour can 
he readily followed- In particular it is vriy often possible to 
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follow the movement df ode of the moons AS ]l pw& bthinri 
th-e planet, or is eclipsed in Jupiter's shadow^ ut id see the 
mfw.ni itself and its shadow passing in front of the planet's disc. 

Saturn, the n^t planet, is slightly smaller than Jupiter with 
a diameter q( about 70,000 miles. The globe of tie planet 
is even more flattened by rapid rotation than is that of Jupiter, 
[.ittie or jig surface detail can he cvr il m a quite [Huvr-rful 
t«l)C8Cupe. r and it is assumed that this surface is also gaseous, 
UTld at a very lew temperature. It is possible t a estimate 
the mass uf any planet possessing a moon in u-nais of the sun's 
mass, Roughly speaking this is done hv a culculalion which 
compares the gravitational force necessary to keep the planet 
in its nr bit round tilt 1 sun, with that rie waiiy tn kr-pp the 
muon moving round the planet. I his type of argument 
applied to Saturn gives a very low \ nluc" f-rr ihr muss., and 
putting tllis aMajuSt the total volume of the planet it irn possible 
to deduce tile Very a^tnnitihiug result tkilt the deles] tv 1 .f 
matter in Saturn is less than liiat of water. This repre^mta 
the avenge volume, and, awuning that thr 1 centre uf the plamaS 
must be formed of denao nock we arc? forced to the conclusion 
that, tn balance matters out, most oF the planet must tif uf 
Very tenuous, probably gasra-mR., material. The chief glory 
s.if Saturn is, uf cuujxt-. its ring system which hiH.ik.s LLkr a disc 
Of material, LEj Lh arid Hat au if it were cut MU I nl card board,, 
surrounding rile cquuL «.t of tile plant;! The CotmtitUllun cr 
these rings Eoi-med, at une Lime, one of tin- capital problems 
of astronomy, and the problem was solved theoretically by 
Clerk ktaxweb many yrairs before tho < EnrrctiresB of I its result 
Was cLinferme-d observatsaimllyr The pngy consist «pf a awaim 
uf tiny moons each pixsaibLy no mom than a lew thousandths rd 
all inch or a Id winches-—the exact size it is Impossible tu deduce 

In djametflr. At all evetifca the rings are not Opaque Far 
when Saturn in its orbital motion paa^uh ejl front uf .i star thr 
star is not extinguished but only dimmed 

Present ideas of the origin of the rings au* that a satellite 
[]f Saturn once approached to a certain criticnJ distance from 
the parent planet, at which, as can Ik demonstrated L In-uretL- 
cally, the Internal atrcxson m, the satellite would In sufficient 
Lu shatter il to fragments. The particles farming the rings 
q re thus presumed to be the remnants ol a moon oi Saturn. 
In addition Saturn has nine satellites of wbirh the m&^orllv art 
very faint. 

The planet 1 ? already mentioned have n proper place in the 
astronomy which Anyone can teach themselves, although m 
fact, in describing - them, we have gone beyond our strict 
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mandate. Tlit remaining planeU are all telescopic objects, 
although the Jirst, Uranus, Sits only jiust below Lb* limit of 
visibility, and might juit be glimpsed with she naked eye as 
an extremely inconspicuous object under the most favourable 
conditions if one knew where Lu look. It was discovered 
accidentally by Ho^chel who at first wished to gi v® it the name 
(fortunately it did not find favour] uJ Geurgium SidUE— 
GeorKc's Star, after George III, It has a diameter of about 
30,000 miles and Luls live satr-Jlites whose orbits art ail in a 
plane (just as are the orbits of the planets round the sun), 
but thia plane is amosl at right angles to the ecliptic. Instead 
thrreftsre of seeing, the satellites shuttling back and Jure with 
respect to tba planet, we can sometimes see the orbits of the 
satellites nf Uranus almost ft at on, as cirdcsi centred on tile 
planet Still further put come-g the planet Neptiinp, disco 1 vertd 
hi 1846 as a result id independent mathem utical predictions 
based on irregularities in the motions of Uranus, by Adams 
and Leverrier. The diameter of this planet is 28,000 miles 
and ii luis two satellites Triton and Nereid. the laitcr dis¬ 
covered in 1950. 

in 1931 Tombaugh discovered Pluto of which little 
IS Jcmriwn except tins details of Sti orbit. The diameter 12S 
i,6od miles recording to a recent estimate and no satellite 
has yet been diEcavcred. 

Perunniui (jucMions 

Two qactions, both unanswerable with certainty, are 
;dwny> asked about th« solai system. Onn is whether there 
15 life on any of the other planets. The other is how the 
system came into kum; and whether or Iiul it is unique- 

The existence of Lde os wre know it depends on the presence 
of moderate temperature Conditions in which large tm decides 
such ae those of the proteins can persist* and on ilie presence 
id water vapour and oxygen. It will immediately be apparent 
that no life as we know it can persist without special equip¬ 
ment on planets like Jupiter, Saturn and the other exterior 
planets, when? the temperature is low, and where the most 
abundant gases present ore those which are 11 Ox mini tii almost 
afil farms of terrestrial life. Equally no terrestrial hie could 
exist ou a planet like Mercury whore there is no atmosphere 
and no wafer vapour, and where on the illuminated side the 
temperature may Ja* exceed that (about 50 degrees centigrade 
which producer bunas and tissue destruction. Thu on]y 
■ !-.mining candidates in the solar systnm are Venus anif 
virus. Mars K in spitr* Qt being the favollritr nf fiction!, probably 
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doe? not present very favaurabii^ conditions for the msun ten • 
an.cc of Isle as we know it, The temperatures, though 
extreme than on t ht other planets, are lather low; thp atmo*- 
pft vpf? is verv thin; farhint dioxide is present, venter vapour 
possibly present, and oxygen probably absent* CunrrrivnhEy 
Venus niiiv offer a more favourable fllsode foi life, but because 
her atmosphere b. Opaque w* 3enow HfttSe ot nothing nf enn- 
ditions cm the solid surface of the planet. The atinnspherer 
contains abundant carbon dwxtdv, a which, in natural 
occurrence on the earth, h often associated with plant life. 
Water vapmin anil oxygen have lint bet: LI detected The 
fundamsptaS difficulty of detecting: water vapour and oxygen 
in the atmosphere of 3- planet Eumie?; from ihe abundance a l 
these faetiu sutistaEice^ in our own attru isphere. Generally 
speaking the presence of they? vapours m the atmo^ptwre' ol 
a planet could only l>e delected through a very slight intensi¬ 
fication of certain *' 0« tss which an* already demoiiatratisn; the 
obvious prepuce in our own atmosphere of large quantities -..f 
both the&e 

Theories of the origin of the solar system an? legion: most 
of them have started from n cons idem t Urn of the curious 
regularities exhibited by the various planets; tlic small 
planets are nearest to the sun: the giants arc in the middle, 
while the outermost eutz again small. Those near the middle of 
the series have the most numerous satellites ; thiift is also 
n rule called Bode s law which r roughly, but only very roughly, 
enables one to write down the distances of the various 
from the &UB by mwp of a simple arithmetical formula 
Some, but not alb astronomen regard this ran n mere cminci- 
dence. 

1‘hc question fid the origin of the SoLiit system li;i> hrvn the 
subject qf numerous theories, and heated smd mmnclrtssvi 

debate. SillLt ISO one witnessed thn original events anil 
s-iiice they cannot he repented, they will pmbnbly mn;iin a 
iubpect lor controversy mdeiinitcly. A fact, j.n rfadblv uf grcal 
SigoltLcrmr pj i- that the at«i- nt the earth and tlli■ ai"V nf lln 1 
l niveree arc nf the same order of mEignilude. arid this might 
imply that conditions necessary fr.ir pinli^l formal ir HI rail rvnty 
have obtained during fhc fififty Stages uf tin? history of ihe 
I ‘hi verse. N 1 i mi'tmLS E hw: tries W I Itch c SoppHi hi 1 1 m t‘ti L-r H in I li r - 
between our r.uii and another star have now benn swept away, 
and the theory in vogue at the present time Itdiv 4 . On the idea 
□ f a mass of gas within which cdrlirs formed. and provided the 
conditions w hi-rfr enabled the solid plaiirts tv be cuudrttstHl. 



CJEAFTER IV 


THE SUN 


Solar Energy 

The sun is the source t >J all the naiured light and hejai of the 
i-iirih, apart from a certain internal production nf hear hy radios 
activity, It is £}Lt« source of Al the combustible 1 fuels avffilablc on 
the earth. Coal is derived Irani prehistoric forests which drew 
their energy for growth from the sun in ancient times, Oil and 
petroleum, according to some views, are pf animnl origin* 
■ iwing their growth tp the Sim, Wind power, used for pumping 
water and generating electricity in some parti of the world, 
represents, solar energy abwrbsd by die air and water of the 
atmosphere and oceans, giving up this energy in the form of 
the motion of masses of air. Wafer power resources represent 
a conversion of solar energy first into the stored or " potenilnJ " 
form of evaporation energy of water, and then into the poten¬ 
tial energy possessed by water lifted against gravity from sea 
'eve! to a rnsorvuir, All these forms i .f storied energy are 
uoncetttraicd: but only part of the solar energy available 
has undergone this.concentration: the r^st, by a fuiidamentaj 
law of physics, has becotun less consentmierfc and less available. 
It may even lie cMritod that the sub b the ultimate source of 
the fissile material used Jn the industrial generation ui atfsnii 
power. for it seems probable (hat these heavy dement * were 
i iflgiiiaUiy synthesised hi the intern us of □ uus. 

Energy received from the sun directly is such tint on each 
a^iiarc centimetre there fobs in vach minute abuut two calories 

i F heat energy, an amount sufficient to raise llic temperature 

ii twij Liranicues of water by one d^grtw centigrade. It is 
ntther i™ than the energy received from an electric fire at 
a distance of a few feet. The total energy' falling on a liii'gc 
.urea -raf land is mormona, but the difficulty ia to concentrate 
Lt and make it available in useable form. " The cnly puts of 
the world where the rlir&Ct Lise of solar energy is al alt likely 
to be practicable arc those regions of very law rainfall where 
Stic sun shines ah nr nearly all the daylight hours; it is, there¬ 
fore,. almost inevitable that these regione should be deaerx 
ureas* sparsely inhabited, when? no use or only very slight use 
for the collected energy can be- found. It is nut surprising 
therefore, that although tmall scale solar energy plants leave 
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proved practicable, the only attempts to utiLise solat energy 
commercially have been tmaucoesalul 

Without ll te]ftscope t preferably o! very special design, 
thnnt is Eiule that can be done in the wav of tibservatiem; 
but the sun is the nearest example to m of a star, and tl in 
itie only star. which appears in any instrument yet fflwttui ■ 
ted us mnre than a mere point of light. We? shad therefore 
a gain gr j rather outside our hriel of 1 " Teac h youra ■ I i oattol ll i i n y'' 
to say something about the structure and properties of tin 1 sun. 

Solar Structure 

The sun ha* a diameter of SG^ ooo miles: it is a globe of 
gas, mainly hydrogen, having a temperature at the Murfivi- 
nf about G.qqo dej^rees centigrade. The temperature aiirl 
density Of the fitilar ntatetial must, SO ail theoretical iin;u Mi^nlS 
indicate, rue steadily ibe deeper below the Surface imr 
At the nentro of the BUT1 thn material i j -.till ga-SOOUfi In it is al 
an ennrmoua density anti pressure. Tlur temperature tlirre 
muat be of the order nf 20 million degrees which 1? roffit lentlv 
high to cause splitting and combinations of thn nuclei of 
atoms. These proteases produce atomic energy in the form 
uf radiation which fillers very slowly out through bundok 
of thousands of nidus of solar material. being absoiVd and 
remitted many times, heating; up, or rather maintaining sh?? 
heat of the material tbmugh which it parses: finally 1I1L'- 
^HET^y, much changed by its lengthy journey, arrives at the 
surface and gCWS nut into Epa.ce as light and heat waves. 
'Otis is believed to be the modi? of feneration and cm Lotion 
of energy in all stars: it was the Grat sugfratnJ ex.impJe id 
atomic energy, proposed a quarter nf a century agu. as bring 
I be only conceivable way in which the stars could produce 
and continue to produce their tnemendnus energy output tor 
hundreds of millions of yearn. 

The picture sketched here is a very rompressietl outline 
of the present knowledge of the stars, based on a vast mass of 
eApetimentaJ and observational knowledge and un theoretical 
deductions: made from it, Th<*re fa no span? to go into ikuNs 
herej but it can he said that every piece of information nsrrl m 
building up this picture of the sun has a very sound basis 
tii experiments carried out in terrestrial taboratorira ; much 
nf tbL* information has a very immediate practical up pli¬ 
cation to industrial and other processes. 

Physlca Applied to the Sun 

Om? eaampln of the kind of arguments used, leading to 
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ill the rest of the smi. In the same why thi* nas pressure m 
tiie atmosphere of the rnrth at sea level must be sufficient 
tri -iiippoTt- nil the air which Ilea aExmc. In the .ilrruaspbcie 
nt the earth we know that tins pressure dccrL+ascs as we ascetid. 
■m:e there is Lege arid kiss air above to he supported. In 
tile same way, in the sun. which is all gas—nothing but atmoS’ 
pherc as it Were—She pressure must increase as we go invalid n 
ftnis the surface. This can be shown to imply that the 
temperaturetnust also increase (which is also true aa wo descend 
through the atmosphere of the earth}, But now, il the 
temperature increases, by what we just said about the laws 
■if radiation, the amount of light anti heat radiated bv each 
^uare -centimetre of the surface of each Layer of the sun's 
.itmcisphrre Tun'd at so inntea?^ Since the sun is mzuiv of gas, 


results which can be verified by observation, must suffice 
l he laws describing the way m which hot bodies radiate 
Il^vc been discovpmj in the laboratory* and have been fitted 
perfectly into the structure of modem physical theory. One 
thfi?ie laws says that as the temperature of a hot body irv 

- reases, the total energy radiated per second from each s^uuj 

- I'ntimctre of its surface increases in a certain way. N 
miagine a region ju-t underneath Life iurfacq of the sun 
the pressure of the gas in this region must be sufficient 
support the weight of all the layers of gas Lying abovt 
levfil; this weight i* due to the gravitational attractin 
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it partly tnuispanfiit, that is. wbta we look at the «ui] 
we shall see radiation cmtLin^ not only from the very surface 
but also from a certain distante below the surface Let us 
say. for the sake nf annscueul, that this divtnijee is a hundred 
miles; that lit we can think nf the sun bciuj- made of hot 
gas, partly transparent, like a sort of hot fi*K, in which viability 
Ls a hundred mi Lea, Now let us H in imaybiaihiiri, look -it thr 
middle of the sun's disc, (Figure 26.1 Then our range of 
visibility Of too miles takes os in, to ft pcifliljon tw mile-; 
lielow the surface where the tnOtperature ha* a certain valoe, 
iind corrEspondingly where matter omits a certain amount of 
energy in the form of radiation. I bis radiation i- the tight 
and lieat Coming from the G«ltre nf the buii'^ d\M\ fhhI. by 
measuring it we call SUV how bright Use niii.liMe »if lh(* sun's 
disc a p pears to be r Now ] rnk at tbc edge ■ ■ I the sun'-- 1 1 1 si 
Visibility in solar irmt»rial will ntill be about >i ImrsiI t• ■■ I utiles, 
but now we are looking aJottg a line which Cuts at a siniiM iiUhh' 
into the surface of the Bun. Our hundred mile |.r■ -S*■’ maw 
no longer reaches to a depth (jf a hundred tilths I Hi 01 1 h« 
solar surface but to fl smaller depth, Here llle bmp' Mtnii- 
is not so high, and the outpouring of radiation ih *tn 4 kr. I hat 
is to say Uie surface braghtniss of tile Sun 1 11-rt -M mlil be Itv- 
than at the middle nf tbc disc. Thu*, by using * ^:urs of 
simple physical arguments, each step of which lltr ri j :.i> h 1 
vrt]\ agree i* rcnsnnablr, we come to the iortrlnslnii UnM 15" 
i>dge of the sun's disc, should be less hriglu than the midrll- 
‘1 ‘his is found tu be SO. N 0 W r p vrrw Lh e w hole a r 1; n m 1 n t au ue 
10 start from the observed fact that tbc sun L dimmer a! 
the edge than the middle. Then, by actually measuring the 
way in which the brightness tliinge*, and by refining the 
physical arguments sketched above, we can Jelertniac ihe 
way in which tbc temperature changes ns wu gn inwards from 
the jsiirface of the Sun. This lduri of reasoning doe* not 
provide na with information about levers deep below the 
solar surfaces (probably not more than too miles or so), but 
it does give ns a great dan! of information about tin- mr^t 
important part of the sun for us, the uutei skin which we 
actually see. 

Although the sun is very remote, it is thus possible to begin 
to apply knowledge of physics gained in the liLbiULtdn 1 to 
the itudy of the sun's structure ami behaviour, and tu make 
deductions from thftfl* Ili I VS which ran he checked by citrsf'nni- 
tion. The picture of solar structure which we have at thr 
present time is a jig-saw puzzle. some of whom 1 pieces are 
missing, white, to continue the metaphor, others which wr 
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Havtf iti our possession probably belong to some completely 
■ ii-b ■ Hi ]-u/- l* . VVn have enough r,i be fairly elite of the 
AlfiirT.bl outlines of a pemd deal ol the picture, but many 
!nif.h we > l 11 1 delitih are mds^ing, or distorted, and there is much 
i ontfi ivt'fsy rivrr ititsc doubtful parts of tbe picture, Un- 
|ijrtumi rely, as we have said. almost the whole of this picture 
In'- wall outside t li j ' terms of the brief "Teach yourself 

.M V Hu 1 physical structure uE the sun cannot 

<“■ investigated at ail without lnatrametitH. and therefore 
should nut cottunasd attention In t3iH boolc But, on the other 
ha rut. the nun is thu only star for which a fairly complete 
oletervational investigation is ever MkeEv to be possible. 
We cannot ignore it if wc; wiih to give a balanced picture 
nil tliu way hi which astronomy is now developing, What 
svi- have dealt with far—the etoments of the astronomy of 
position and of navigation, the conEtellatbiiE, the mnve- 
inerts of the plane Is , and so forti^ arc ail important de|iart- 
meni's of astronomy, but tljcy ore departments in which the 
main of knowledge are all firmly founded. What cau 

happen in these departments in the future m no more than a 
slight improvement of I he superstructure nf our knowledge. 
If is in astrophysics, the knowledge nf the physical structure 
||[ tl lg Mars and of the sun H I hat the most exciting future 
devdopciR-nfcs tie. We cannot therefore omit the sun from 
niir discussion, and tve shall compromise by giving a brief 
outlin e n| out presen t solar know ledge. 

We have already outlined the way in which a typical prob- 
I cm d solar structure may tie approached This problem is, 
in effect^ a problem of The solar surface, that part uf thu sun 
■vvliach is accessible to direct observation wjih the eye or the 
photographic plate. The temperature of the* solar surface 
has been determined by comparing the quality of the light 
which it emits, that H the proportion of energy emitted in 
light of various colour-*., with the light emitted by materials 
in the physical laboratory which are maintained at known 
temperatures The results which have been found by this 
and other methods yield values idof?e to 6,<x>o degrees centi¬ 
grade, Ab this temperature, which Is iiliTfc-j-st twice as high 
I- LflElt of any terrestrial furnace*, all matter is goaeous, and 
almost all chemical com pounds are dissociated into their 
ekmentary atotn^. Physically speaking, however it is 
nut a vciry high temperature, alld IS far below that needed 
bn dwturh the nuclei of atoms: or, to put the matter another 
way. It Ls far Lower than the temperature gennated in regions 
where splitting of atomic nuclei is taking plci* The tempera- 
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ture which obtains for a brW traction uf a second in thr 
material of *n exploding atnmii: hatnb, before the mate™! 
logins i.ii disperse and cm] gff. is much more reminiscent of 
luo tL-mperatam which is cantbiuouily maintained at tin- 
contra of the aun h rather ihxkn at its rcknivdy coni surface. 

As wc have seen* when we look at tin? sun we art apprehend' 
is.Li Ti Qi a simple gurtace but something which lias a structure 
in depth. This outer layer which wr can observe directly 
\s ijftcn called the solar atmosphere by scientists, t ake* the 
atmosphere of the earth it has changes-weather if you lllu 
Li-ven though it is not. as die earth's atmosphere i> r bottnilfrl 
below by a solid ■rcirfacc. On the contrary, in the *un all is 
,i^as ( and the solar atmosphere merger imperceptibly into thr 
deeper layers of the sun's structure. 

Sunspots 

The most striking; of these cJtmaUc phenomena are 1 he *im- 
sputa, areas of relative darkness, ami lower ternpurature, 
which, however, seem datk only by contrast with the blinding 
!ijt:]11 of the rest of the solar surface. Sim:-;puts entered 
modem astronomy through telescopic observations. hut they 
were known tn ancient astronomers slues, rather rarely, verv 
large spots are visible tn the naked eye under suitabEc cuttdi* 
iii.jns r such as, for instance, when thr sun is sevii through 
ll thin layer of cloud, Sunspots occur almost .at random, 
i Hi t there am certain regularities atj^ut the times and positinus 
of their appeanmee. The imn is minting about an axis, 
Tint as a solid body must, with each portion taking the same 
t][HC fat a revolution, but in the manner chamctcHatk: uf u 
sphere of pas. Lo which the surface near the equator revolves 
in a shorter time than Lhat near the poles, The rotation 
I .^rioil of the isolar surface near the equator is about 25 days, 
:i5ing to about 34 days near the puli-s. fhe same point an 
ihc sun's equator is opposite to tht earth about every -7 days 
Hiis is thu synodic, period uf the axial miration of the sun, 
and the orbital motion uf the earth. A sunspot which lasts 
tong enough may thus reappear at intervals uf 27 days. 
Most sunspots last only a lew days at most before gradually 
disappearing f but some large group!; arc sufficiently tong lived 
l 0 tnake several reappeamnwE. The form and number nl 
The spots in the group will usually chance from appearance to 
appearance. 

It will be noted that the fact lhat the sun rotates enabh^ 
us naturally to define tuid ust- the ideas gf a north and south 
l„,!t the -am. ul a sular equator half-way between, and h 




Plate I. 

Tup : Celestial congestion in ihc fStb %cniuiy r Two pa^ea from 
ii I renth translation, dated 1 776 ,, ol l-tamstecd'a Celestial Atlas, 
shiijwmn Orion, Lepi4S r Column Mtiotitcrm, Cani* Major and 
Minor, and parts nf Cancer, Hydra, and Argo. 

Rottnaa : showing lull moim ftfing in Booth 

Sutihnie a6 n . The angle nf rising is fax steeper than in higlasi 
latitude 
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PVATT: H. 


Top . Four views ol Jupiter, with, in one, the satellite Cany nude 
and iti shadow. 

Bottom; Twe views of Mm. nlujwtaj ! j po(Au cap&, and 5qrfw? 

dr tall At rii'ht Mara is seen pultboa*. 

(Aiwtmf [i'lisvH Otimm/prv ^Acrfc^?4^^i.) 










Flats EST. 


Top i (ifldfrtrttf IFihuw pkotogrupfr-] 

Btiltufti : Tfce I m L(L|h e iiu met ol J44& r 

{RadtMff* t^Jrrcfutoty ph otograpk .) 





Plate JV. 

J up ■ The iioELthr-m Cross jjjd LoaE Sinck. Tiro phuP^rapliiL 
plitte ¥^4ig^.era,b©itthB briyhlrtcs&cd bEue ata fa a 4 compared with red. 

{HAfford ObStJTiifary phufagtOph.) 

Bottom : Kappa Lmcts <1 lciBchcl's j ewel Box) a cluster oi sta rs 

of ft wide mag* d colours. 

i| Raiteliffo ObscrtdlurY pk&Qgt&ph,) 







Solas 1 phfltogjapttt. 
in selected colours. 


Platu V. 

Tlii m: views eh tup aru m ordinary liglit and 
Sunspots and associated bright cbudn .m- 


Middle : Piiect ptocogmpb of fcmspot giuup, and of satoe jsroup 

lsj sttbctaj colour. 


lloEtoiu : A suutput group ueaniig the edge ul tin 1 disc as- Ihe auu 
ruilrUes. The plsoiogmjdw 1,1 Hade m 4 selected to Lour I arc 
separated by nu interval of two days. 

[AFtAffllA-ffw/Wi Cl&sm'CUtJry 















FLAT* VI, 

The iutai aubr wlipae ol October 1*1, !Qu-|u. Top . tot.bJ phiid* 
with toroim visible. 

Kcrttfim - IHp end iL.jiiihtj' w r Lth light ah i mug dawu. a lunar 
valley |dhiimPEi4 ri ng - 

(C apt C^stftinsjiorv pkptagr#f*k$*} 












VTJ 

Top . THt Gbbttlu i lustet in Hercules 

i.TJ vmri Pfifarnai photograph u>Uh 2<WJ-i'fScA te-Usi-Op£j\ 

ftt fc Ui7in : KartLa] ccJipse of ^ull of Number 23^1- 
interval f4 turn hour FcpG rates the two eiqpa,HEjres. 

fd-OTCHtttii Pm$ Phutv : by V.S, Nmaf Olurvutory.) 










Platt- VIII- 

Top . Making Liu 1 mirror for the Bz-indi telescopt r.ij the McDogslIcI 
ObservaUrry,, Texan 

'.Photograph, Warner anti Swasey Company, CtevrSand, tJAia.J 


Bottom : Fou fault test o! a LumI mfrtuT AH mlnutn ntirfaoe 
scratch** rturiUy f \htjw up. 
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think of the solar latitude of any point uei the sleh'e surtax 
Sunspots occur in greatest number? just north anti south uf 
the solar equator. [Figure fu) ), They also v«uy in their 
mcJdaatc with time, Although sun-spots of almost auy sire 
Lind iu aliuoit any numbers may occur m any tune, statists-■ 
show that on the average f hey appear ica greatest ntimbers 
e very d e vefl years {Figure 27I ft: t . During the early part of cue h 




Figure 37 

(ij) t JltUmir timasm a'AicA occur; (6) spels tt*n p&ttiumi 
■■ '**r MdiJf a 1 lo tht IsVfliA artui ± i.i, in fow#r talitudfi. ta$rf *w 
#*irA fpvt eyd */ [c| uruph ifcatrin*' nuih^n «?/ jfthfa u£umrd. 

11 year cycle a few rather small spots appear in relatively high 
northern uid sou them latitude*;. As the sunspot cycle wears 
hiu, the *|*>la become more numerous and larger, and appear 
j 1 ran -1 the s- ^ar equator. Finally, at the end of a cycle, the Just 
spots nf titt? old cycle are appearing dose to the equator 
siniuftuiununity with" high latitude spots ai the new cycle. 

FVl- 1.1 V how the sunspot cycle is generated it is impossible 
01 say. It must reflect same deep-seated change in thocoudi- 
Gn 1 -if 1 hr sun. "flic Bppts themselves are in'the nature of 
n 
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injrtftx structures ranging in size from a tew thousand** of 
nrilea in diamstcr up to spot groups wsth sises of several 
hundred thousand miles, They arc the seat of complex 
rotary and vertical motions of gases, ami often of very intense 
magnetic fields, which, at the blackest part of each spot 
(the may exceed the largest magnetic inienHitics 

produced in terrestrial laboratories, The spots shade off into 
x tone of intermediate brightm^s (the prKuM&i-fO where there 
art often many complex radial tongues of gas Round the 
■^1 it.its may appear -rrf- rit :r uf extra brightness while over them, 


Figure 

5kth-h vf £fN>. ikwtni,' granniatinm vf tut/au and 

prominent** nir-r ifo spoil. 

Stretching perilsfis hundreds of thOusuiEkh uf miles nut into 
apace, there may be areas and wkpfc of gns. T Liese lard 
structures an? called pmmnfiftcts and ri-qnire special equip¬ 
ment and conditions for their DbsWTVJitinn. Spots often UCCiir 
in pj,Ln> of opposite magnetic polarity—Itlc-e the two opposite 
magnetic Centres at the nnd* nf a bar maguet. In afcine 
cases no second spot can be observed visually but the Jimgm*- 
lls]o can be detected because of certain rather subtle elf nets 
which it has on the hght emitted from tbU region, (Figure 28. 

It k pawibte that tin- aun emiti rather mare Eight and heat 
at times nf sunspot maximum: this rather paradoxical result 
would he due bi the fact that although the area occupied li> a 
Hung]w.it itself is darken and therefore emits Jess light tin- 





*iiirmiiEiiliiiK im of the nun's surface will he more disturbed 
wild t3lif rxtm bright streaks already mentioned may mule 
51 triIt CMttptnsate the Uv*x by their Increased radiation. 

IciTtiiylrful 

uno iii the effects of the 5mi on the curth is produced by 
the alirtrjtptiari of the invisible ultraviolet light uf tile 5 u11 
m the of the earth, particularly by wat^r vapour 

-irut OJ=unfc. This is fortunate fiinLe the human skin is sensitive 
to ultraviolet tight which may cause burning or tanning or 

■ ven much more serious damage. At high attitudes the 
I irntuctivo cover is diminished because of the reduced thickness 
uf the liit barrier: in very dry desert climates water vapour 
\-, nituiu-it absent mid So there is less protect loh It is not 
unknown ill suilie places for the very intense ultraviolet 
radiation received cm till*- skill day after day over many years 
lil produce cancerous IcSiuliS. We have therefore good reason 
to iw thankful for our protective air blanket which merely tots 
thru ugh enough of the dtraviotet light to give us a good 
- iiTiifoTtniilB tan on our seaside holiday, t>n the other band 
it does mean that in ordinary observation of the sun we are, 
*-> II Wete r culuiir blind because a great part of the* tigbl 
emitted by 11 ms aim never teaches us. However, in recent 
vt'itrs a good tk-ai at work has betti done by projecting; rackets 
carrying suitable automatic recording Instruments to heights 
well above lJujt main part of the atlTlOGphvre of the earth: 
our ktiuwlrdge of thb moat important part of the energy 

■ im«£ri ! by the sun ha* m < , nii^quttm:e rapidly increase.-L 

The energy absorbed by the earth's atmosphere dom not, 
however, disappear. Thu upper layw* of the atmosphere of 
tike earth are changed by the acl" of absorption. In these 
v*\ry tenuous layers at heights of f*Q mites or su above the tarih, 
ihe c fleet uf absorption of ultraviolet light is lo cause the 
emission uf electrons from this atoms of the air. An atom of 
which an electron lias been emitted in this way is called an 
sew and ibi p production uf ait inn Is called ionisation, At 
norma] prraaures, emitted electrons art- snapped up b\ 
wandering inns almost nt dfect, but at vm* low pri-ss ureh 
I here van be a perceptible interval between the etnbsion uf 
an electron and its recapture. This means that at high alb- 
t tides the earth's atmosphere consists of matter in a partly 
di-TOociatad stale. VVhcd an electron is recaptured bv an ion, 
the p.ne.rgy originally required tu split the election ojf an 
atom in re-emitted as radiation. However, although the 
original energy causing the ionisation came in a beam from 
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tbe aim it is re-e milted m ail directions giving a generalised 
diffuse faint light- (Figure 29-) At night these recombina- 
tiona are still going on and are responsible for the faint light 
«rf the night sky. , , 

The existence of these *]ectrifietf layers at great heights is 
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Figure *9 

in) dJ^Ph ij byd hghi Ee-iftw pf 1 /ml tUittvn awJ «i tip 

ax ,j/ i>]; (*] rjkwi W .a u/ fif*f fry J/iix 

of importance for many terrestrtaJ purposes. Wireless wh-ves 
entering them are turned from tlieLr originid direction much a=- 
light vsvfifi inchlcflt on a layer of heated air may he tnmed 
IO ,t_s to prndutc a mirage. This turning dinbEes the radio 
waves to be received beyond the visible horizon, and indeed, 
by repeated reflections between the upper layers and the snt- 
fi-ice of tlio earth, they can reach right round the dixrnmlereace 
:rf the globe. Wireless reception of London in Australia or of 
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Nfw Yuik 111 Britain Is entirely dire to this repeated reflection 
of the waves. 

Tim" bdmviour of the wave* depends on their wavelength.,. 
The reflecting layers have a complex structure and reflet: taong 
uf waves of different wavelengths at frequencies takes plane 
■it different height*. Since the structure tv I these atmospheric 
layers depends on the emission of ultraviolet light from the 
mn, it hiLhiw^i that if the intensity of this light should change, 
then it may 1 3* necessary to switch 0 Lung distance radio 
transmitter from on* wavelength to another. As the sun 
gow thru LI gh BTJ=I cycle, it is believed that the average* total 
Intensity of ultraviolet radiation Emm its surface changes, 
atiil there b a well-marked corf elation between the epoLtedcacss 
id tin 1 Alin and the most suitable frequencies to be used fen - 
long-distance radio cammunkation on the shorter wave lengths. 

-Solar Flares 

Huwr\w. in addition to thb general variation, in rhythm 
with the aiunot cycle nf eleven yeam. thi-ra art far more 
catastrophic short period changes. Of recent years; a great 
1 1 cat uf attention has been pair! to what arc called j ?vtftr jfrirtfj. 
Only mmt exceptionally are thrive largo enough and bright 
enough to be visible without the aid of special instruments. 
In brief what happens is that in the neighbourhood of a gun* 
spot there will suddenly appear a small area (that is small 
by the standards of solar dimensions] nf Intense brightness, 
whir h after reaching a [icak of brilliance, fades away iii a time 
nE ttie order of twenty minutes, perhaps changing its shape* 
and becoming drawn due into a filament os it does so, Jnyfc 
iit the instant when the dare appears, sensitive magnetic 
instruments on the earth will register a small disturbance, 
Ae the same time, a very Intense outburst of ultraviolet 
radiation cuiflct from the rlnre region which, on being absorbed 
by the earth's upper atmosphere, so steps up the number of 
fnse electrons in it that short-wave radio waves are absorbed 
and L-nanmuniL’alion is interrupted. This effect may last for 
aume hum* the side uf tliu earth turned towards the &un 
at the moment gf the appearance of the solar Han- However, 
this* ri ttuL aLI_ It l=i nlmost certain that tlae Hare area, in 
addition to emitting ultraviolet and visible Eight, also genda 
out a stream of poritivdy charged particles (ions), including 
n.ms of cakvnm. These are sprayed Out into space and if the 
dare .happen* to be suitably placed cm the sun. then by Lhe timr 
tllrj partL l.II- s have- covered the distance from the earth to the 
min, the earth will run into the stream of ion* When this 
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happens the magnetism of the eertb will cana. 1 them to swerve 
am3 tq strike the upper atmosphere of the eirtli mainly in the 
neighbourhood of the north and south terrestrial magnetic 
pules. The ion? thgft pick up free electrons and in other ways 
stimulate the upper layers of the earth's aTPiaspfcerOp ho as to 
pioduce the bright curtains of fcicht known as the aurora 
htweah? and aurora mtrirahs. {Figure 30.) At the same time 
this stream of moving electricity prodm es magnetic distiir- 



Figure 30 

I ij > + Van mat frammurittU ■■/ mtfi D rawi iiiui ialertupiitM hv 
radiatiM jt#m a talar fiats2 (£| iihw /re-m rif sun ftcui jurt?fu. 

banc«3 celled magnetic storms. It will bo dear since the 
earth and the flare region on t-h-e sun's disc have to be in 
suitable relative positions that il will not always follow that 
there will be aurorae, radio farto-auts and magnetic storms 
each Lime there 'is a itare, Npr will it be certain that a Ears 
wilt occur even when the sun’s surface is greatly disturbed 
by the pretence of a Large group uf sunspots However, on 
& number of occasions sunspot groups -of such great Stic have 
appeared, that flares seemed almost certain to occur and 
successful predictions were then made. 
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AlLhtMlgh il ii iEnpui^t!)lQ for tiir amateur, lacking inatru- 
tncnt&„ to obmttrvv: ivutar llatxs, tlucir cilccta ran often influence 
him. The radio ” ham " may find communication inter¬ 
ns pin I by fading c1tji j to flard^: radip^rama to distant 
frierniJti may bp delayed: In Nuitkm Europe nr America ur 
in Nrw Zealand aurorae may be seen. Auroral phenomena 
an' in /act mucll rare than rani? might imagine, and ahum 
mal Ini dj Lies* of the mtMJttlcBE night sky in places remote 
Irons artificial light can often be detected even when maSJy 
strildng aurorae camml be wen. The remaining effects, such 
□ * thp magnetic, disturbances are, however, too amah to be 
detectable rcrept by special instrumentsr even in a anoit 
violent magnetic storm the disturbances arc much sm alter 
than those which can Lw mwiijred even with mudeiateJy goad 
instnilnerltS, ^ui II lLS. for framp^, those possessed by* school 
phyafcft laboratory. 



Figure 31 


Observing the .'Sun 

It hi possible with the aid of a small telescope or wwt 
types hit field gln-wes to observe sunspots of Isir^c sire. DO 
NOT UNDER ANY CIRCUMSTANCES Li * 0 K DIRECTLY 
AT THE SUN THROUGH A TELESCOPE OR FIELD 
GLASSES UNLESS THE INSTRUMENT IS PROVIDED 
WITH DARK COYER GLASSES OF ADEQUATE 
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STRENGTH SUPPLIED BY THE MAKERS SPECIALLY 
FOIt SOLAR OBSERVATIONS. Clamp the telescope nr 
glasses to a suitable post or stand—futi&iabJy you shnuEd 
have some wav of swinging the instrument to follow the sun 
b 3 the earth rotates. Point thE* instrument &t the by 
receiving its sluulow on a card; when die telescope ii pointing 
at the sun the shadow of tins tube will just be a tutJe. Thun 
having done this you will find the sunlight coming through 
the instrument and by focusing the image on to a card you 
will obtain a picture of the sun and of any sunspots which 
may be present A good plan is to fix the card with tttires 
to the l».iv of the instrument in approximately tJ]i_- right 
position. 1 Figure ji.) Then you will have fewer things to 
•manage, You may have to observe for Eweral days before 
big sputa appear even at times of maximum: spottedness, 
while at sunspot minimum the period may be longer. It is 
however worth whiles to peraevere. You will also be able to 
sec that the edge or limb of the sun is darker than the centre 
of the disc. 

Id professional studies of the! huh, very tong telescopes 
producing very Large solar images are used. T hese are often 
ic the form of 'fixed instrument of great length into which the 
sunlight is fed by a mirror slowly turned by a motor in such 
« way that the reflected beam of sunlight goes down the tube. 
Telescopes of this kind with lengths up to 150 feet, giving a 
solar image more than a foot in diameter have been constructed, 
and with their aid detailed studies of phenomena on the solar 
surface have been undertaken. 

Radio Waves from the Sim 

The sun emits nnt only visible and ultraviolet light; it 
also emits radiation of greater wmvelengths : show just beyond 
the range of visibility we can detect readily enough by their 
heating effect on our skins or, more atcientifically; by special 
photographic emulsions or sensitive heat receivers. Al 
Still greater wavelengths —of the order nf a few centimetres 
or metres, we enter the band uf ulteH^hort-wave radio waves 
used for radar. Generators and receivers of such waves 
were developed during the war for the fin&t time, on a scale 
‘exceeding that of this lAfroratory, and apparatus of thh kind 
lues been put to a variety of uses, some of them in astronomy. 
For example, signals on ultra-short-wave radio which will 
through the electron layers in mir upper atmosphere have 
been used to produce echoes from the moon, The moon 
emits no radiation of this kind itself, and merrily served as a 
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n Hector in these experiments, Howrycr, an the Ljiht fuw years 
it has been discovered the ^utl, certain situra, and certain 
kind* nf nebulae and gas clouds in space ore emitter* nf shi-rt 
wave radio waves. which can be detected by means nf ingunioiih 
and r.nmpSiiMtrd apparatus. The lost decadr has seen the 
growth of tin? usance hE radio astronomy, a completely new 
am! rapidly growing field which bids fair ti'j rival ordinary 
visual Li-firtjm.imy. This is. however, no field far the amateur, 
uml wr nnisi here confine ourselves to a brief nrf prance to thr 
radio aet mn ijmy of the sun. The short wave radio emission 
of thr [iLin in of two type* one type represent* emriainn by the 
<>\m as a whole and is more or less steady: but in addition, 
■■niiflput ureas and Hare areas emit during time* of disturbance 
-LiitJ at *uth tlmc^ thr radio intensity received frOBl the sun 
increases greatly. Reception is possible on a variety nf 
wavelengths; and there is sumt 1 uncertainiv i\* TO how thr 
phenomena in the different wiiveleng ths can "be fitted together 
I** irirm a coherent picture nf what is going on One ibifccuFty 
ik that, considered ns telescopes, the various furm* at radio 
n1 elver winch ran he used arc not very rfftclefit. In order 
to form ii detailed pittTflT of what » in front of it. a telescope 
*«t url array of aerials must hi' manv rimes larger than the 
w'ttVclength of the radiation which is bring employed. Km* 
a visual tvk'firjope employing waves nf □ wa.\r-length nf. *ny. 
50 millionths of a centimetre the instrument diameter 
.lI way* very many times larger than th *5 wavelength of the 
radiation, For a radio receiver working on fc say, 50 cernti- 
moires wavelength, the aerial array. which has to be swung to 
follow the in®. cannot be many times chc wavelengths of 
The radiation without becoming very large. The instfi.El[iei]t 
developments of the past few years barn ln*-en cfevtrfcnd, un 
ihe nos hand, to Nip improvement of icfttilutjnn by the use of 
intricate aerial and recording systems, and on the Dtkr to 
increasing h^isttivirty by increasing the situ nf metallic 
reik'diTs used to cnneentTB-te the incoming rays. The latest 
eqtifp*ueiU now in use, the jsjq frm| diameter reflector nt 
[odrelt Bank. Cheshire, is of □ size ratdreamed of a fen yearn 
ago. Installations uf more irutdest size have sprang up almost 
1 iy the doxen in counties all over the world. Uadio agronomy 
l an N carried on m all weather*, and, when sources other than 
the si 1 si are bamg investigated, at any time, day or night, 
that the source is above the horiion. With Improved re&j- 
3 ulu-n rmd hp nativity it is impossible to predict limits to the 
potent tali ties of this new astronomy, which is rom piemen la rV 
io (irtlinazv visual astronomy, 
rri 
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Solar Appendages p 

\\Ui have already described ma spots as disturbed 

tirr^ <sf Uae solar' surface and have mentioned lhat verv 
nften their JiFe to be found, above and near them, arches of 
luminous gas, often of very great six*. which are known aa 
prominences, These are nut visible by nr-diti uty direct methods 
of observation, but a variety of special methods nxtetfi which 
,-,in hr used, Promtances are regions in which free electrons 
are joining up again with ions [atoms deprived jvI otic or more 
electrons), It is a eharaitenstn: -if ions that when they re¬ 
capture an electron Urey fin.it light in Certain culuuffi or wave 
lengths which art- peculiar to the particular type of mn 
involved I'ajnvendy, one way of producing an ion is to throw 
a beam of light ut the Tight colour on to a group of the atoms; 
the atoms then pick nut tbu special colour which mils them 
and each ejects an electron) Th™ tile light of prominences 
does not resemble tike light emitted by an ordinary hot body, 
such as a lump of glowing iron, but is more like the light 
emitted by the type of street lamp which has become popular 
of recent years, empkreibg either mercury vapour nr sodium 
vapour, In each of th™ types ai lamp the gas atoms are 
ionised (that is eLectrona are split off them] by the collision 5 
produced by wending through the ras a stream of fast moving 
electrons, this stream of electrons is in fact no mote than an 
electric current passing through the gas and is maintained by 
applying a tiigh voltage between two ww- inside the Lamp. 
Then,. Later mi when the Eons SO produced strike the walls, 
or otbctwisn get possession of an electron P they n-cumbine 
and emit light, In this way the energy ll?od in maintaining 
this electron streams is converted into light;. 

To revert to the prominences , ll we can manage to separate 
out the special wavelengths emitted by tin- recomhinfog iona 
in prominences, ibe brightness oT these clnuds can be greatly 
enhanced US compared with tfrr rest liI the solar surface, 
which emits light of all wavelengths, and in this way the 
prominences nan be made visible, Pruminences contain a high 
proportion ol hydrogen, and, if the hydrogen light can hr 
separated out, the distribution ai hydrogen in thr prominences 
can be studied. A whole new subject of research has been 
opened up in this wav: the prominence* exhibit remarkable 
structures' air lies, plumes, streamers and the Li Lee—many 
of whkh are in very rapid motion, 

Tlic only hope which the amateur lira of ™ing a solar 
prominence 15 by arranging to view a totnl solar eclipse 
Chapter VI] when the bright light of the sun's disc is cut off 



Uy Hie.' mtMm ajifl the relatively faint prominences can fcxr s-ecii 
with the nakrd i-ye. In Franee and later J?] the U,S,A. 
iinil tlsewhefc a technique ha^ Ix-en developed in whkh an 
r11 nli■ ini! eclipse in created In dt-hert regions where- chi' :i ir ns 
free id clouds, moisture and. diiat. and where, in ronseqwnce 
the proport ton o i light scattered m the atmosphere h small, 
it is prjHiibu- to hold up a tbreeponwy piece {the silver kind! 

at ami's length and to cover the sqlar disc SO effectively 
that cute can luuk directly at the sun without diSCuETlfort- 
E Im*i ls never possible in a wet climate like that cif England 
If one were lo ^o to a high altitude where there was even 
h , *s air to cause scattering, one might attain to a condition 
win tl' the sky was relatively dark even quite close to the sun, 
■Liiti then it might be possible to see the prominences peeping 
Tuuml tJif! edge id the threepenny piece. If if i? aver possible 
ti.i travel to other planets by rricket ship, prominences will 
lx- otic of tine sights to look lor. One might view the sky 
\mm behind a screen just large enough tn hide the sun s disc , 
and Uum> agqjnst this complete blackness of the sky, see the 
M ijiii pmniinimE:eh stand in g ou t as pin k arches and Jcjops. That 
is for tin 1 piissihje future: in the present there arc several 
stations at j-TiiLt aJLitudes in mountainous regions, including 
olie on the- Fie du Midi de Bigorre iu the Pprn^ am{ gen* at 
Oimuy Colorado, U.S_ A., whuir tile technique developed, by 
M. Bernard Lyot the iTetich astronomer, is applied With 
many explications and much refinement of technique the 
method used m, at bottom, the simple one of putting up a 
disc to lude tbe sun and observing a ring of sky round its 
edge. Both groups r.if workers have produced films of the 
prominences observed in thin way which show the must 
dedicate structure and movements of the gases. 

The Chromosphere and the tjoronu 

So far we have Spoken of the soltir surface and a certain depth 
below tt: of tbe Sunspots which penetrate like cool funnels 
some way into the surface: of the prominences which arch 
over the spots and of solar flares which are mainly but not 
entirely a phenomenon occurring in the surface anil jusl above 
it. The sun has two more appendages which we have not 
vet mentioned —the chromosphere and the corona. The 
chrornsrsphr-re : Site-rail v H " colour sphere “) is a thin layer above 
the fiOkif surface extending upwards far perhaps io.uuq 
kdiMlH-UvS. I t is SO called because at time^ of total solar 
ecUp&e, just before the moon completely covers the sun. this 
layer is momentarily left visible and shows us coloured red. 
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ti is a region somewhat like the pnjmiiwncJts., which extend 
upwards Irnm it, in which electrons and ions arc return bbiillg. 
In conge*!Lienee it emits a Light uf j^culLar sort —aimost 
entirely in certain selected; wavelengths ur colours charaetct i&tie 
of the different sul^tanees in the layer. Its constitution j* 
still a matter lor debate, and physical conditions them are 
obscene since, in some respects, ]t hii_q characteristics appro¬ 
priate to a temperature much, higher than that nf the Sun's 
Surface; it 4 onmn dlngica] that a layer further removed from 




















THE SUN 

3 l.iV.f llrcidy been described,. It Li one of the curiosities of 
iptFonomiesl history that the comtu must have been seen 
' :i V 3 Its rally thousands □! people before it was realised that it 
existed, It appears as a peurly white radiance surrotmdiiLe 
ELc sun and extending outwards to about one solar diameter 
Fruin the edge uf the disc. It is so faint that it only become! 
ws^ib]t? when the moon cuts Cuff the direct sunlight, fc Its tot&] 
b-bt is about one millionth of that of the noi.'or about hair 
(ltut of the full rmxm. Its shape varies with the sunspot 
Ju. 1 ic-intr almnii-t uuifunii routkl the sun at times of Sunspot 
maximum, but showing sirefimeES faom the north and south 
pules of thesuii at times ol sunspot minimum. Of repent years 
tijest: comnnl strut tun?? have been closely studied and attempts 
have been made to Correlate them with feature auch ai ?im- 
YT' U* curtate of the aim, but without a great 

Lm2 of success. The explanation of the failure to realise that 
Llie cot on u existed (at later times It was thought that it was an 
appendage uf the moon) i 3 probably explained by the fact that 
11 ™™ bl ^ nothing; so much as the sort of halo of light often 
:ic.-n round the sun or moan when it is obscured by cloud, 
and it was probably assumed that it represented no more than 
background light coming from the sujil This applanation i& 
not tenable. Lmun the prince of such backyround Ugbt 
Jjnajijpposrs the existence of a tk>ud of scattering material. 
LhJi is not the case, space round the sun being effectively 
empty. (Fibrins jj r ) J 

To return to the corona itself : if thn solar atmosphere u 
a pus* lc. the- solar corona ts a mystery, and the pieces of 
m formal icm about Sts -structure which have been obtained 
il^rve, in Saute ways, mere 1 1y to add to the obtiQUifity. The 
corona contains atoms, W they are highly ionised (that is. 
v.teh atom hailnst many electrons) mid fr?r many years they 
wcrt unrecognised in their denuded form. Now "that tbev 
imve been recognised ns ardmarv atoms of caJrfum. iron 
nitrogen Eirni so forth, the prude Ls tu explain how thrv 
gut intu Ihifl stripped state, tin ce such a degree of .fttrippiog 
is clmrnctr-riiitic uf a very high temperature indeed—a million 
dvj^rees centigrade or more- But the corona does indeed 
appear to be at such a temperature, for it is possible to measure 
the average vdodt)’ of agitation of the eJoctruns fortlliiie 
n considerable proportion ‘of the particles compusing the 
corona, und thu degree of a git a ti o n indicates a similar tern- 
^mtiire. flin physical basis of such a measurement is 
trLat the higher rb^ temperature of matter, the greater the 
degree of agitation of the paEtidra^fttonis, electron* anti 
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so j or th—which tornpoM- it. Indrcfcaed notation is ifiseparable 
from mcreiUiLrjg temperature-, anth in fact, lu say ttmt the 
iitonuc or molecular particles are moving faater is no rnr.ire- than 
another way of saying that the tiody runUmni- them has 
become hotter. If*the corona, were not hot, nml il ians and 
elections were present together, tlieekcn teal attraction between 
them would lead to the immediate capture of the ek-ctrorih 
by thit:- iq mi. The high velocities of random agitation make it 
much harder far the ksna to rapture the electrons, and enable 
the material to re mam in a dissociated condition, 

The corona h continually radiating energy out into space, 
and its temperature and degree nf excitation must, in some 
way as vet unknown, be continually maintufuwl from below 
by the much cooler sun. Just how paradoxical this situation 
is can be realised from a perfectly fair analogy: it is almost a£ 
if We pyt a kettle tif water on a block of Ice ami io imtf it murrilv 
boiling away. 

Aftrr this most conkiry survey we must leave tlie sun: 
we have dealt with it only in m far as solar knowledge is relate 
to mfiru ur less familiar terrestrial things, auch zla radlo^ and 
ni fo far as we shall need tolar properties in the explanation 
nf what is to follow. it is now Lime to return to our bricJ 
null to discuss cmce more the kind of astronomy which one 
can teach oneself 



CHAPTER V 


COMMOK PHENOMENA 

Th^re is a considerable number i A astto«wHTvif.a] plMnemima 
which can be observed without th- use of any msirumefit 
except tho ove r These fall into two convenient classes, 
com man and rare, 

Under the heading of common phenomena v: sliall include 
lhe zodiacal tight, meteors, ocrnltatinni and variable stam 
Under the heading of rare phenomena we include eclipMs, 
comets and novae. 

Tim Zodiacal jJ^ht 

The zodiacal Lag he h ft permanent fuatmc of the sky hut it 
requires somewhat special circumstances for it* oljscrvation. 
In the Ifl-at, chapter we said that the apace tuund the jum 
was empty, but, like many staicmcnts in astronomy this is 
not precisely true. In the plane of tJio ecliptic, that is the 
plane fi f the? or hits of the earth, and approximately of most 
i.f the bodies in the solar system, tilers is a good deal of dust, 
with possibly a proportion of particle* of mnm considerable 
fii/e, it: the space between the planets. This dust scatters 
Minlight and theft-fun.- can Lie seem ns a very taint luminous 
cloud. It extends east and west pf the sun, ulont; the ecliptic, 
nml because it is faint, the ann itsdt must be hidden if the 
icodiacal light is to be seen ^ the phenoinennq is best observed in 
places where the sun u as far bt-luw the horizon as possible when 
a point a few degnw east or west of the sun is just on the hori* 
zDrt This means that the best place for the observation will be 
one where the sun seta almost vertically* that is, in or fiear 
I he i topics. However, even in temp 1 rate latitudes the light 
run be glimpsed. One should choose a dark clear night and 
try to sec it from a place remote from all artificial light when? 
the horizon is fr>>n of obstructions. It may thnn 1*3 possible 
to see one end of a faint oval patch of light extending from tile 
portion pf tin- sun along the ztxlioc or ecliptic. It is probably 
vaili-r to see beforu dawn than In the evening, because the 
whole Sky is then darker, the cold of night will have settled 
weather conditions, and the eye will be more rested and men* 
capable of seeing faint illuminatlcuut. It may be of help to 
use a trick familiar to all artrtmomtna, that of avertsMl vision, 
fhas depends on the fact that lhe human eve contains two 
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types of sensitive dements, those near the centre of the 
retmi xrc sensitive to bright lights cmri can register cdont 
In daylight when one looks directly at ao object it is these 
^IcmeniB which are operating. The SL-nsitive elements at 
the edge of the retina are r&ponsive to Jflint iUiuniimtiiLin 
hut dej not respond to colour. Hie two typc3 of element occur 
all over the retina but ure more numerous nt the centre and edge 
respectively. These edge dements com* into operation when 
one sees somDthing ” from the tnit of one's eye ,! and normally 
in daylight, ii the object is interesting, one swings one's rye 
round unlit k is the centre of the field hi vitiion; that is. until 
the centre of the retina is being used. But at night this 
process brings a less sensitive (Kirt uf the retina into use. 
and it can readily be verified that a star which Is jnst visible 
(jLit at the corner of 03 ]r: s eye will disappear when OJLe looks 
directly at it. Astronomers wishing to see a feint object 
therefore use averted vision, and deliberately took At faint 
objects nut of the comer of the eye. This requires some 
practice, because OUT normal Jiabtti make it mlhfult for os tu 
bring our attention, to an abject without St tfin same time 
biiuging it tu the centre of our field of vision. With practice 
one can, however, avert on-e's g&?e without averting one'!* 
attention. 

It is believed that the dunt particles responsible for the 
production of thu rudiaceU liyht extend out from the sun lo 
a distance greater than the distance of the earth, and there 
should, therefore, be a second very faint patch nf brightness 
visible in the sky in a direction exactly opposite to the sun. 
This patch is called the G*?g^nsch,ein fGerman L counter light.) 
but ft is extremely hard to observe. It should be J wired 
for as a circular light patch several degrees in diameter on 
very dark nights round mid night, cm the- meridian where the 
ecliptic crosses it. 

MeteOn 

Meteors, nr shooting stars arc extremely common phenomena 
and a systematic watch of the sky for even a period nf a few' 
minutes, mav. at certain Masons af the year, show dozens nf 
these objects. 

The name d ' shooting star " is a misnomer sanctioned by 
usage, for although meteors do resemble stars which, have 
fallen out of place, they are, in reality, of quite a different 
nature. Most meteors are of the order of the siz# of a gram 
of sand and awe Their large temporary luminosity to their 
impact, at velocities which may he as much as 30 or 40 miles 
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per second, an the nlmoiLphtns of the earth. Very detailed 
thought l,i* Lb been given to the I'Sict way in which til as M burning 
up " of a metcur takes place: we need tmt into that at liar 
moment, and the crude picture of iuial] surface particles 
bring torn off the surface of ihe meteor by die friction of the 
bdr as it parses through, will suffice for us. The detritus 
forms a tail of luminous gas which may remit in for a tow troth? 
of a second, nr in exceptional cases very much longer, to make 
visible the path of the meteor After this interval thp gas trail 
cools down or is dispensed by air movements. Ah this normal!y 
takes place at great freights in the earth's atmosphere, roughly 
the same as those at which aurom] phenomena occur [say 
30-60 miles) and the Eight emitted by meteors can, when 
suitably analysed, be used to give information about physical 
conditions at these great heights. Meteors by the million 
bombard the atmosphere of the earth every day and night, 
and all but a minute proportion arc consumed long before 
they roach the surface of the earth, Tl]is is a fortunate 
circumstance, but occasionally meteori of much Reuter si j.ir 
arrive Emd can reach t.hc earth before being consumed. These 
aiv a great rarity judged by the total number of meteors which 
arrive In the atmosphere, but meteorites (as meteoritlc stones 
are called 1 are fairly common objects in museums. They range 
in size from li-umll pebbles, up to gigantic freaks weighing several 
tons. The largest known meteorite fell in 1510 in an unin¬ 
habited area of Siberia and laid flat the pine foresrta far 
miles around, each tree pointing neatly away from the point 
of impact, as thu result of the air blast set up by its passage and 
concuBdom, This object must have been of a very great size, 
perhaps hundreds of tons in weight- Meteorites fill contain a 
high proportion of iron and are generally divided into two 
clitE5*& r stone meteorites and iron meteorites according to the 
percentage of thr mebd which they contain. In Arizona there 
is a crater uJmut three-quarters of a mile across which m 
preramed to be of meteoritk origin, and magnetic measures 
nn the floor of the crater indicate the presence of abnormal 
buried hoii masses. In oth^r cases lumps of iron put to nil sorts 
-■E uses have been recognised 05 meteorites: one, in Mexico, 
which wm* in the form of an iron loop was found being used as 
an anvil. 

Most meteorite* in museums arc iron meteorites, even 
Ihaygh thfflS* arc believed to form Only a small proportion nf 
all meteorites which fall. The reason 3 is that irnn meteorites 
are much more easily recognised for what they are- Thev are 
black in colour with a smooth surface covered with shallow 



TEACH VOUK5RLF ASTRONOWV 


I04 

indentations, kflO^vn, from tlinir appearance as thumb prints. 
They closely resemble th-j murk* which QfW can make in wet 
Jay" by thumb pressure, The microscopic structure nf the 
material of iron meteorites also shows a variety of c barac-ieriis- 
tit patterns which enable the mate rial to be identified a* c.J 
ineteoritic origin. 

The origin of meteors, is still somewhat mysterious wad it 
is 4 matter of some doubt whether they all qrijfiuate: within 
the solar ays tetri r or whether some arrive m our system from 
outer space, ft is possible to plot the shape of tlie track along 
which the meteor l§ moving if therr is enough ob-w-rvatinuHL 
material-available: if this is a pamiwita ora hyperbole, then 
the meteor must have com 1 ' from outside the solar sytfam. 
tf it is an ellipse, then the met ear lias been moving round and 
round the sun Like a minute planet until it accidentally Hi 
countered the atmosphere of the earth. Tire dii Realty is 
that these three curves closely re?emhlc one another mm 
the small arc which is ulraervabk, and it is nwr possible in 
any individual cnvi presenting any doubt to assign the observed 
curve to one type ur another. Opinion seetus to favour the 
idea that all meteura originate within the solar system ami that 
they represent, as it were, the remnants of the building 
promises of the planets, or the fragment* of some disrupted 
planet. 

In one case it b possible to durivc Lcrtyuii definite informa¬ 
tion about the origin of meteor*. A great many meteors 
asem to appear almost at naudom. coming into the atmosphere 
fmm all directions. Those which happen to be moving 
gainst the direction of the earths rotational motion come in 
very fust : those overtaking the earth come in at a much smaller 
relative velocity. But in add idem to these sporadic meteors. 
mtteav fhou-'pra are observed The propertied of thm* show™ 
-ire confute ait with the idea that them exist in apace streams of 
meteor* traveiling along elliptical paths round the sun. 
When the earth happens to cros through sy. h a stream large 
number* uf meteors will be acen, and ah of them will appear 
to be radiating from a certain Mint in the sky. Thus is an 
eflect of perspective, becau^- ail the mEic^es in ii stream an- 
moving parallel to each other in space, but as observed, they 
appear to be radiating from a given point, ranch as the light 
ravs from the suti [which are all parallel) appear to tic diverging 
from the sun's position when the rays are seen coming through 
holes in a laves of cloud* (Figure 3JO Thm point (called n 
r.-i./r.-in/) is actually in die direction from the observer pandlel 
to the? velocity of "the meteor relative to the earth. 
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Tbe origin uf these meteor streams is wi-W utidciEtorid. 
Certain comets _ which 1roved in orbits round the sun, and 
reappeared periodically after a fairly constant number of 
v&ars, have, in tin- past, dbappea e ed. This hag been dtit- t.. 
the pro^F&iyj break-up of the comets into sirmJier and 
smnJIct tofgrmsnta, uhinh H in tnurae of time, have become 
Bprwad out Into s strtnm, toiling each other rotmd asnl rgund 
Tile sun. and marking the eUiptic&l urhit which the Comet Once 
fallowed. Iii one case, that of Bida'a comet, rids breaking-up 
process, nr rather the fautfa] division of rim cornel into two 
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part, 1 * wm ;uluaiiy observed. Later thegg Surge Iragtncnts 
Timst have dkElltegmtjed stall farther for eventjally IhctOfficl 
was repined | by a recurrent m^t-COf shower, appearing each 
year at about the same date when the earth passed through 
Lilt stream of irngmi-nts. This existence of a n am he r of these 
streams h well known and they have been given definite 
aames. For exarophs there are the Lynds about April aigt. 
the Perlite about August I- 3 th r the Orion ids about October 
iyth p th^ Gemituds about December i^th and several more 
The F^-rseads ami. Gem in ids give the mewt abundant meteors. 
It ts 10 b* expected that thr- earth will jjass through some 
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streams during daylight sa that tl^y wib be unobservabk- 
in the ordinary way, and this expectation has been confirmed 
by recent work using radar methods- The ionised toil ltd t 
by cadi meteor is capable of nujectini! a short*wave? radio 
wave and of giving a ptll ue OH a radar reCeU-1 n £ set By srud( 11 g 
up beams of short-wave radio waves, worker? “it Manchester 
wore able to detect a large number of pulses at certain times, 
and these have been identified as a meteor stream encountered 
by the earth fluting daylight. 


P 




C DM SI o N PHENOMENA 


IDJ 

of marking th* position of the beginning and end af the path is 
to note its position relative to the nearest vkibfe star*. Then 
Iw c-an mark thil position on a chart and read of t Its cn> 
ondmutes (right ascension and declination f, The meteor 
observer iitii or lies on hk back in the most comfortable 
position possible, and notes down the data f^r each meteor 
which lit a^ea, louctJinr vMth the tope of the observation 
I he results of each tiighta work may he sent to one of the 
astroaoimcal organisations isee bat at end o! volume) for 
anndvsiH, The analysis goes something Like this. Observer 
A at town X saw a meteor nf great brill inner at H 50 p.nu OH 
January s^th. Observer B at town Y r saw a faint meteor at 
ft.49 am] A brilliant one at B.ji. Observer C at town Z saw 
^ bi-iiliujit meteor at S.4S. The probability is that the watches 
of the observers Wftre not quite accurate, and that the brilliant 
nayttfor ^ecn by A, B, and C ss tlio same object. All agree 
that it w»d travelling roughly from east to vr«st- Assuming 
h lf. the same meteor wn Compare the data from the three 
MjurcGs, A calculation shows that A and B together make 
ike starting height of the trade -52-0 miles white IS ami C 
together make it milts. In the end, the solution winch 

the facts best may be that the starting height was 5^ H i£ 
mile-s.. the finiitilitlg height. 3*4 miles, the speed 37 milts 
per secoEid and the direction 3 degrees north of west. So, 
Llirrjt' observed have contributed to exact knowledge of yet 
another me Icon It may sound a little pedestrian, but it is 
a S lin:t r;, f that priceless and irreplaceable commodity, reason¬ 
ably accurate Information about nature. There is no other 
way to obtain It except by this rather laborious procedure, 
and If vou should tent inclined to try your hand at this kind of 
work there arc plenty of organisations which will welcome vour 
aid. The greatest meteor observer who has ever lived was an 
ouatcLir, the late W. F. Denning, who lived in Bristol. 

Uccultsfbns 

I ho- observation of occultiitions b> another field of re¬ 
search in which the amateur can do good work, but a small 
telescope and a reliable dock or atop watch a re almost essential.. 
An occultation occurs when the moan in its monthly motion 
round the sky passes in front of a star. The sstam which are 
occulted lie near the ecliptic, hat the motion of the rooca is so 
complex and tile rat* of travel n. 7 und the ecliptic of tile node 
"( it; orbit (the point where the orbit cut*; th* ecliptic) so 
rapid, tliut a rather wide range of stars is occulted at one time 
or another. The chief piece of information tcv bn obtained 
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irqtn an occultatia3i is an ezrad location of the moon tit that 
partfc ulat Instant, and the reason why tills tali inflation la 
icmpojmnt is that it enables astroiimt]ical computers to- deter¬ 
mine small mar terms an the mo Hon of the moafl wtlLulk. over 
the course of years may steadily build up into something 
quite appreciable. That is u certain source of error in the 
timing of occultadcffiis In that the surface of the moon is not 
sxmajth and, if a mountain should happen tn be sticking up 
at )uSl that part of the moon's limb which is cove ring-the scar, 
then (here may he a difference of several seconds between the 
actual time pf the ociiultatitni and that predicted for the 
smooth mooti- 

Agikhi there Ls li cons i flexible Importance tn the observation ot 
ocLuitatiufis by obseivwrs scattered ever the smfnee of the 
lJube. The moon as relatively near to us, and a change of piasi- 
llu-n f rom the no rthern Siena sphere to the southern rim v Corres¬ 
pond to a. change in the apparent pnedtitiffl of the fucuU against 
the background of the stufs which is sufEcitm Id produce Qai 
occultation ns seen from the wuthem h^Euisphcn- when LU 
the north tile moon just graaes the *Ux f or vlw versa. Again, 
longitude is Important: a I takes rather moo-! than an hour for 
the moan to crOfcS completely in front of a star and the 
who-Ji process may have been Completci! its seen from one 
longitude before the mouit has risen as seen Lrotti a place 
further west. Thus it is destfuHt Xu li,ive observer* equipped 
fqr obeervmg oecultations at places scattered ail over Ibc 
world. giving a coverage more complete than that which <:m 
be given by the professional obsorvatarl^- 

Prodtetiona pf the times of occupations aJ Seen from various 
parts of ihe world are given in advance in the N&USicai Aimttnati 
iuid tablea are Included hu that an observer near one of the 
standard stations can compute very easily a corrected time 
for his own location. Two points dealing with additional 
refinements are worth mentioning. Work ia now being done 
on the profile of the moon'a limb at various conditions of 
librarian, so a* to permit corrrcrionH tn be made for slight 
alterations in thv time jj£ an ijcruliratfon produced by mountains 
or valleys at thr moon's edge. Secondly, in the ordinary 
way. since the ntexrn posse&ies tlo atmosphere to cause blurring 
or bending of the rays of light coming from the star, the 
extinction of a star or its reappearance should be quite instan¬ 
taneous. There is a certain optical effect which should 
increase this time to about -0 thousandths of a second, but, 
in general, all stars should disappear and reappear in this 
time However, it is believed that certain stars—brinht 
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t-tar* of large diameter ^buuld present a delectable dlac. t^rc 
SttUkll to he seen eii any telescop# but $u 1 hcii»ntJy Jai^e to 
niake t'liu time uf extinction in these cases about nffg-tenth of 
ri second- I n particular during the past years r here has been a 
series of i cm N at ions n F Antams (a Scorpii), a star which in tm> far 
smith to be occulted except when th& moan ll- abnormally 
far soutli of th? ecliptic. The period occupied by the Extinc¬ 
tion of light of Autaies has now been timed and has been found 
in bd a bo ut o - to seconds. corresponding to an angular diameter 
nf this star of about O’Q^ seconds of UrC. 

for the amateur with a small telescope of, say, three inches 
aperture, Hi ? 1 procedure lor timing an occultatiuu ui the 
11jjlowing- First the expected time* i?. found by loukfng up 
the tables and if necessary applying n correction, Then a 
■tup watch is synchronised with trim Greenwich or local 
standard time by pressing - the button nn the last pip &f the 
’Si«■ pip time siunai at the last available signal before Ihe 
-Id Italian. Then, looking through tile telescope! the observer 
prases the button again just at the moment uf disappearance 
or mipp^arauDe of the sla t ancf m determines the time interval 
from the Lasi timr' signal, 

Variablu Stars 

Variable stars arc stan? whose brightness varies for on* 
ut auufhci. Same variable at bis vary almost or nearly 
regularly in a definite period of time. The shortest known 
period is rather more Ilian one Imnr; periods may extend 
up tn several hundred days or lunger. It is possible to divide 
variable stars into two quite dciinite classes affording to the 
cause of the variation of the light. 

[i) Etiipsimg fTirirtfi&j 

'[’he first cla- 1 ^. Lite etlspisng variables, tywr their variation 
ti> the l.ict that what is apparently a single star consists in 
i.i- t of two stars, so close to on t another that tbyy at* tint 
Mu-fLiratcly distfoRUishflhle. The two stars move round One 
mluther. Lh-sarihlig orbits round their common centre ui 
gravity, much :ts the planets describe orbits round the sun, 
KKCept of >‘Ourse r that in the casg of the double Star the mnsHcs 
ui thr 1 I a. i i components arc usually more nearly equal than 
are those »'t the sun and a planet Fiinpry thin of this type 
art! by no means unamunori, indeed, something like a quarter 
of ail the star? in th? sky fire believed tn be double. What 
itiahea an eclipsing binary star out of a system of this kind 
u- that the plane of the orbital motion parses through the earth 
Thus, froiu the earth we w the orbit edge mi, and the two 
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stains appear to be shqttiin^ back and forth aLon g ii line. When 
thU condition is realised, then at each curcuLt each stajr passes 
in front of the other a* seen fmm the earth and cuts oH pan 
of its light. It follows then that the curve nr graph showing 
the variation of brightness pf an eclipsing binary dtar should 
be fairly easily recognisable by certain features of its shape. 
We should expect In see a brightness {comspopding lo the 
total fight Irons bulb stare's which remains constant for most 
□ f the period of Lhe cycle of variation- Then, quite suddenly, 
there should 5 b a rapid c >U I in brightness to a minimum 
v,‘birh corresponds to the hght from only nnc of the stare 
Then exactly half the period later (that is U the orbits are 
circular) the second star should eclipse the first. The situation 
is slightly complicated by the fact that the two stars will 
not have the same radius, nor the mhuu brightness per unit 
area of surface. This mean? then, that if star A is bigger 
than star B, then when A In front of B, only the light from 
A will be visible. When the positions ire reverted and B is 
in front of A, part of the Light of A poly will be cut off. while 
ihat of B will all be visible- The depths of the two tntrmn a 
III the curve of the light variation Will th'-refure not be equal. 
It may often happen, for example, that a pair wilt consist of 
two stars; a small but very hot one, giving out a great deal 
of light per unit area, and a'large and much cooler one, giving 
out so little light per unit are* chat iis total brigtitnesa is let& 
than that of the small star The in u-rp relation of light curve* 
of eclipsing binary stars so as to deduce the radii and a-urfuce 
brightnesses of the two component stars is a matter pi no 
little difficulty, paftiosUrSy when the picture ia U-es simple 
thnn that which we have sketched and when certain additional 
complicating phenomena. are present. However, it may be 
instructive to work out what the light curvn ought b> be: m 
a. simpto oibc, given certain data about the two slats involved. 
Then it may become dearer how the process can be reversed 
and how important data about the components of nn eclipsing 
binary star can be deduced from the obscfsttuxi of its light 
curve. 

\jet US suppose that WC have an celipiing lunar y Stul with 
a pnricrti of to day*; that the two stars move in circuit 
orbits; anti that the data for the two iWrs are (Figure 351 ^ 
intar A; Luminosity (i.t. total light Emitted.i = 4 units 

Rodins = I unit 
Star B: Luminosity = i unit. 

Radius = 5 units. 
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The total luminosity is 5 units. and, except during an eclipse 
this will be the brightness of the system. Suppose- we reckon 
tuiae so that ?ero hour U at the moment when htru B is just 
centrally covering star A. jin real cases the orbit may be 
slightly tilted so that tbr stars do not appear tn pass, ceil trail v 
over fe-ach other.) Thsn p at this moment we can only set* stir 
B. since it is larger than star A. and ail we shall see will be 
the 1 unit of light which B emits. Therefore at this moment 
the luminosity of the system as we see it will be down to 
20 per cent of normal* i,e. there will have been a decrease in 




tile brightness by about 1-75 magnitudes. Then, as time 
goes on. Ihe stars will separate, hut, after 5 days the position 
wiJI be ravened. and star A will be centrally placed m front of 
star B. We ahaJl nee all the l%ht from Stax A I4 units) and 
part of the light frani star B. If star B ig reckoned as a 
uniformly illuminated disc (this is not true in thr caai- of the 
null, CLDt for muLit stars): trui r just suppling star B has a 
uniformly illuminated disc, then we &ha_l| see that portion nf 
it which m not bidden by star A. Sow star A has a fifth 
of the radius of star B, and hence one twenty-fifth of the area, 
so that when star A is in front of strir R. wc shall still get 3:4/25 
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a I B's tight, Thu fraction of the i unit, of luminosity which 
B emits, gives ns D-g* of a unit of ll^bt, and this, together 
with the tight from A giv« a total of 4-96 units of light instead 
of the normal 5 unit*, Thus l!l:s minimum in the light uurvt> 
represents a reduction uf only about 1 p^r CVrllt isi tb* 4ght ur 
about otoi magnitudes,, which 15 prubnbly tow small to be 
certainly observable. This is what happens its must cases 
of eclipsing binarh^, but in c^os where buLlt minima **■- 
observable. it should fci clear that cstimalus can be mmla 
of the individual contribution made by each component of 
the pair, and it may also be possible to estimate the ratio oi 
their radii. Thr importance Of eclipsing bin sines may be 
j ini gad by thi- fact that this L 3 OHS of the very few methods 
available for obtaining any information whatever about the 
radii of stars. Oslc of tfce chief difficulties is, of ftHKW, 
to know an eclipsing binary when we see rure, uid it Is worth 
while to call attention to further features of Lliia type of light 
variation. 

If we assume the stars tu be uniformly illuminated discs, 
then, as long as one 15 in front of the other, it fines not emitter 
whether they are centrally placed or nut. As soon as otic 
fairly in front of the other, the light received riots not change. 
Thus the nrinfma will have fiat bottoms. Secondly, these 
minima should be of equal length unless tile orbits UTS very 
elongated* fur hi the case of circular ofbita with the stars 
moving round at a constant rate, ii will lake star A Just as 
long tu cross in front of star B as it takes star B to cross in 
front of star A, lastly at is important to note what propor¬ 
tion of the period is pemiptad by the eclipses, for this gives nn 
indication nf the sizes of the stars in relation to their distance 
apart. It the stars were very far apart compared with their 
■radii, each eclipse would take only a small fraction of the 
period. If the atari were relatively very large in an e.xtreiw 
case, if they were almost touching each nth^r—then star A 
would start to eclipse star B almost aa &twn its star B had 
finished eclipsing star A. Obviously the details of the actual 
situation are susceptible of exact cakulaticm from the obsex* 
VStfOTllT, and in this \ray djLta of great importance have been 
obtained- 

i .me naked-eye eclipsing variable star is the star Algol 
(P Peraci. Map 2). an eclipsing binary atar with a priod of 
about Otj Limit's. At masurium it is of magnitude 2*3; at 
primary minim um about 3,-5.. The shallow secondary mini¬ 
mum gives a diminution of light of less than a-i magtrtt qtieH. 
The diminution of light at eclipse takes about hours from 
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full, brlphtn-esfl to minimum. The times of mininm of Algol 
MV given in Whitaker's Almanack. 

fiij Intrimk Variables 

The second class of variable stars 13 the class of intrinsic 
variables. Here we have to deal with a single star in o*ich 
■IitSC, which, for reasons nyt at all well understood, varies 
Its light output. Tin- reasou b to be sought in the structure 
id such a star. Leading to a situaLinn in which the atomic 
energy output at its Centre, and the mutual gravitation of its 
parte are nut in perfect balance. Hence, at some times there 
is too great an output of radktioQp leading to the star's puffing 
itself np to a lame radius. This- is followed by a period of 
cojliLpso^ when the star contracts in on itself, pushing up the 
pressure and temperature at its centre, and stimulating once 
more ari idervasd output of energy. 



Figure 36 


A cni^iderabk proportion of stars shows this land of 
variability to j greater or lesser degree. Some a re as regular 
aa 1 luck work. Others exhibit irregularities of various sr irte, 
rang III ^ tram mere variability of period or of brightness 
tiirigr ill an almost complete tack of system, One type which 
ibi of great importance in astronomy are the Oepheld variables, 
a typr u| star of high intrinsic luminosity which varies with 
li regularity m a characteristic way, showing a relatively 
slow fail of brightness followed by a more rapid rise, and a 
I UN. "I qf fairly constant length, {Figure 36. j We may, if 
we Like, Lhmk of the litaru of this type as engines, pumping 
away quite regularly, The smaller, fainter Stars pump very 
faal (in a matter of a few days) while the brighter ones are 
like heavy uld-fstshioned rcciprtteaiing engines with a far slower 
cycle of variation This rein lion between intrinsic briyhtiaess 
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&Lid period ul light variation ts what mjJuSb the Ccpliiaid 
variables important: they are extremely bright nmi so are 
visible evfifl Jar put in the depths nf splice. A knowledge of 
jts manlier of variation enable ns to recognise a Cep hind 
tor what It is g however faint it may appear. Once it is recog¬ 
nised, the knowledge of the period enables us from previous 
researches to assign a definite intrinsic brightness to this star. 
Finally, the comparison o i bow bright it loots with how bright 
we know It to be intrinsically, enables os to estimate its distance 

from us. . ^ ^ 

The prototype of this dus of star b Delta C*poftt l.M-ip i . 
which varies betweti magnitudes 3-6 and 4-3 ifl a period of 
5-37 days, Other naked-eye variables in the sky are Poland, 
(tile pule atari and Betelgeose. in Orion; oven the .sun, with 
it.* 11 year cycle of variation may possibly bo dossed as a long 
period variable star. Another lama us variable L* o Ceti 
’Mira Ccti) (Map 2) which, at Lir^gnlar intervals averaging 
330 days, drops from a maximum brightness of about magni¬ 
tude 3*5 down to about 

It is impossible to go Into details of all the various types of 
intrinsic variable stars, except by writing several books on this 
subject alone- The abort discussion of the Gepheidd most 
suffice S3 an example. They are the type about which most 
is known and which are r?f tlie most nsc in other branches of 
astronomy, bul the variables Of other ty|K‘S present a trepunn- 
dous held of research, which, so far. is dotted about with a 
host of satii«wb»t unrelated dtovariei, aril! awaiting inte¬ 
gration into an ordered pieture- 

Wliat concerns us now sr that a few variable Fstara can be 
observed by the amateur even without a telescope if lie knows 
where to look fur them and how to at about it- However, 
he must remember that he can hardly do useful work on these 
objects and must treat die naked -eve variable stars merely els 
a hobby undertaken for bis own amusement. Even a three 
Inch telescope can, however, bring into view large numbers of 
fainter variable stars of which he can make useful observations 
which will be of value in research.. The rfile of the individual 
amateur Is again here a minor one: his work may eventually 
form part of a Stable mass of observations whore analysts 
will lead to further undctstiindinE of tiie stare which he baa 
observed. Addressee of organisations taking part m tikis 
work are given in the appendix. 

Observing Variable Stnrs 

The met hod of observing variable stars ts simple enough. 
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I mt requires skill and practice to reach the groate-st pitch of 
cffectlvifflfm Select your variable star, or 0.the organ isa- 
tioa to suggest one, and Afther from a good star nr from 
:L catalog Ut\ i^r frcHn your i>wu observation. prepare a diagram 
showing what the field of sura round the variable looks like 
iti ytror tele-wope. [Naturally one can do the same for the 
mked-eye variable solars.j You should choose stars covering 
a range of magnitude rather wider chan tlie range of variation 
to bo expected in thi- 1 stiir. These selected steers arc your 
com l Kir i-Ois istara and should not tie variables thcrnsdvus, 
sLnce tin- method is In compare tlie brightness of the variable 
hult with that of Lht' selected comparison stars. Supposing 
fur example your star is expected to vary from magnitude 7*0 




Figure 37 


in about magnitude:- 8m and that in the field ol your telescope 
you can find stars nf magnitudes 6 ^ r y-b, 7-ft and Call 

these A. B. C and D. (Figure 37,) Ygu must try to imagine 
a Ut-rtaill number uf steps of brightness between each of these — 
say 7 steps each of 0-2 magnitudes between A and B. 1 step 
'Kstw^.-n. r pi and C, and step* between C ami I>. Then, 
making a note oF the time at which you do so, you may observe 
ihat the variable ?tur ri intermediate in brightness between 
A and Mr ami not much brighter than U. Comparing it with 
the brightness steps which you have imagined, you decide 
lliat it Is two stejjs brighter Lhuui B, L'his means that you 
estimate tlie brightness as 7*6 — a x 0 >2 = 7-3, A little 
later you find that the variable has dimmed and lies between 
C and £and you then assign It a magnitude nf 8-3. In 
practice, it is found that independent workers estimating tn 
this way obtain revolts not very different from each other, 
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apd that by thia method one can really measure something 
l^irly objectivity and afiatirtitely 

Light in the Atmosphere 

We conclude this chapter with some phenomena which can 
I** observed without the aid of iHstmEfcemta, These are Iktil 
strictly speaking purely wtrnnDinieaJ phenomena but lli 
coMcenittd with the passage of %ht from the heavenly bod it* 
through the earth 's atmosphe re . This is natural I v a matter 
uf ih* 1 greatest Interest to astronomers. Twinkling of (he 
stars is eati^cd by disturbances of rather small sise hi thr 
atmosphere One* can, perhaps, think of llietit as enlnmiLs 
or sddics of air h moving more or less independently of each 
other, each with a diameter of about a few feet. When star- 
Sight paises through one til these eddies it is diverted slightly 
from its oLigiwl Jjnth r and hence there appears ta be a anwJl 
fUHptflcemnnt of the Star in the sky. I hU leads to ihe rapid 
and irregular changes of position and of brightness which we 
know as twinkling, A«am, an air column of greater danafty 
thon usual may cause a convergence or divergence of the rays 
coming to the eye. This refractive effect is more marked for 
the blue than for the ted rays. In the ease of very bright 
Stars like Sirius, this separation of the light of different colours 
Enay be visible as dashes of different coloured lights hi time with 
the twinkling. Iei a large tefeseope, of Guilicfeut diameter 
to collect light which hasi passed through a number nf thusr 
columns nf :iir, the effect s^etl k oftim not a shifting nf a single 
image, but the superposition of a number of images shilling; 
at random. so that, when the " seeing " U very bud. as it 
may be in a high wind, the star image is blown up like n 
balloon of fu^cy light- 

The landing or tf/racnon of light as it passes through the 
atmosphere is anotherwelbeaLablislu’d phenomenon. This takes 
place as the light passes fncmi rarefied into denser layers of ait, 
arul is mure marked when the length of the air path t* greatest* 
Le. when the star Is fairly low down on the horizon. I he 
effect is to ln?nd the light rays slightly round the curve of the 
earth, bo that the sun and stars seem ut a slightly greater 
altitude than thev would lw in the absence of an atmosphere. 
[Figure $8 (a] (b) j This effect normally amounts tu same 
thing like half n degree for el body on the horisson, so that the 
Eiiti appears to set lute and rise early, in consequence of shis 
atmospheric effect, bv about two minutes. Scattering *n-1 
refraction of light in the atmosphere are the cause of t wiligh t, 
RefHttion is allowed for in tables of times of rising and setting 
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of the sum and moon, Refraction also makes the hnruon 
more ih&t-iijE than would be computed by a purely geometric td 
formula such as that given in t'hapter r. The reltuLctiota is 
nr it til-.- same far lie lit of aJi coksurg, The blue rays are bent 
more Lh.iiL the red In add a L jo n the blue light is seal ter tel 
prclureralially by the atmosphere- as witness the blue colour 
■d 11 1 L" \rky. Normally these diOcreutial effects do not matter 


to j 




xnkii.li, but when the sun is setting, Interesting effects nisyy fcw 
otfierved. To qli«rvc them a full unobstrusted view of the 
western horizon is occoury, and care must be taken not to 
da4!i3e tin eyes by faulting directly at the setting atm. A cfaud - 
lew %ky ill sl;s provides mi excellent opportunity. 

The different iuL refraction means that we see a red imugw 
oi the aim, and a blue intake of site sun at slightly different 
positions just at I hr moment of setting, with the red sun the 
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lower. It may happen that I be red b'tin sets completely while 
the blue remains Still visible. or raLhtu, the blue image WucM 
bt visible were it not for Llie greater scattering of this colour. 
Tbe red light being insufficiently ben t by relmcUuu, cannot 
continue to get round the bulge of the earth as long ns tl»* 
other eolmin;- The: blue light is Kftttertd and merely goes to 
form part of the background, in favnnrabtf atmospheric 
circumstances an intermediate colour, green, may he left 
so that just nt Lbe moment of sotting there may be a Hash 
of green light on the horizon. It muM be emphasised that 
ibis is not the general turquoise blue or green haze which is 
often seen above the hoilMn at sunset and which persist 
for many m mutes. The green dash js a more rimmatk 
phenomenon, smnetimes taking the form of a transient 
plume of green tire which lasts only a few seconds. 

This picture of refraction phenomena is a simplified one. 
Often there are com plications due to the formation of layers of 
air of different densities Hits can happen * Tor instance, near 
heated surfaces ol stone or tarmacadam or over desert* 
Then the refraction of horizon tal rays may far exceed the 
normal value quoted above, It may be possible tn see over 
hill? which normally form the skyline, qr, at sea. to ll&vfr a 
range qf far in exceils of that tiofiually possible. 

If the stir layers ate well marked It may happenaccord mg 
to a well-known optical law, that ray^ of light grazing cither 
she top or bottom of a dense layer of nir will be reflated there. 
IuMead of seeing the desert sand we may sec a Tcflei tiun of 
tbe sky which looks like water (the mirage); chaps oil the hori¬ 
zon may appear upside down or part of a ship may be seen 
the nght way up, the rest upside down. Tile S 4 .L 1 H* pheno¬ 
mena can often be observed on a very small Jttillc- On the 
surface of the mad m: raiv S« a shilling reflection, or along 
the aurface of a wall heated by the sun, we may, by looking 
along the wait with out eye only an inch or so from it, be able 
to see the layer of hot air m contact with the wall reflecting 
objects almost in line with lt r This m nn place to go inio 
details. Sufiice it to say that when anumiduus conditions 
prevail on a large scale tlio phenomenon of the green flash may 
exhibit all sorts of variations and become much more marked 
and more easily observable (Figure 38 (c) (d) (r) ). 

In the next chapter we turn from these fairly common 
phenomena to phenomena which are oti ly observable on 
special occasions 
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Eclipses 

Eclipses ait of two kind's: eclipsed of the sun and ecliuw.-* 
uf the moon. They take place when the &un, the earth and 
l]io in QQU a If.: all ill the imn straight line, or very nearly So r 
ftu ihat the shadow uf the moon falls ott the eartii p or the 
dmdow of Lite earth on the iBOOn. When the Shadow of 
Nil moon falls Cin the earth them lh a solar eclipse. Sin re 
tiie tin if hi til ust then lie between the aun and the earth, the 
dark xidfr of the tiinnn must be turned to us: that h, eclipses 
■ iE tlu" nun always take place at now murjn. 

When an eclipse- of thr- -moon Lukes placr- the duirjim ul 
the earth tajla OQ the moon; the moon must therefore be 
.mmr.t emetiy opposite to the sun hi the sky, and the fully 
liluminatfjd faen of the moan must be turned to the earth: 
that k, wheel an eclipse of the moon tllkes placf tile moon 
mifst be full. 

If I 111- orbit of the earth round the Sun, nnd of the moon round 
the earth were la the same plane, that k, if the system could 
be exactly represented by a model m which the sun, moon 
and eartit tnovr-ii on the bip of a flat table, then the earth's 
shadow would fall on the moon, and the muon's shadow nn 
the- earth unto each in every revolution of the moan round the 
v-irth. Ihere wnuh] thus be an eclip&e ol the moon every 
month at full muon, and an eclipse of the sun every month 
al new moon. The reason that this does not happen in that 
thf orbit r.if the moon is tilted. In our model it should be 
11-present ml an an oval drawn on a Card which is tilted with 
nespec t b* the table top at an angle of 5 degree?! approximately. 

top hall *>{ tin- oval be big above the mbit, and the bottom 
half continuing down through the table to the lower sidr. 
[ lie earth is, of euurse. a| one focus of this oval run e 1 biuure 
39 W). 

1 bus rt hnppena that at most full or new mootis, the moon 
i* above tirbelow the table top. and nn eclipse will occur 
I-dipstfl will unly occur if the moon happens tu be Crossing 
through the table top just at tht: moment when the thr^-i 
Lujdics are in lint. The-se ttosaiiig points are called the nodes 
of the; moon's orbit The situation would still be relatively 
simple if three node* were fixed points. IF this were the cas^ 

¥ u> 
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wl- could mark uei a star chart the apparent track oi ihr- sun 
in the sky (tins ecliptic), Uogetkrwith a second trick represent 
ing the path of the niucuj against the sky background- I'hc^? 
two fixed tracks would itittrsrct in two fixed points jthc tick 
which would be exactly opposite tr> cueh other Ell the skv 
If tlie min anti moon, moving uEi these respective tracks 
happened io be passing through the same node at the satin* 



Figure 39 


t irnr*. the moon would he in front of the 5iu:i, acid there- would 
1^ a Solar r-nJip&e Fur a lunar eclipse to occur the Him and 
looon must her opposite lo each other in the sky us seen from 
The earth, El cnee* if the sun happened to be prissin^ throng Ei 
"Tie node, while the* milH.liI w&fi passing through the i.itJi!'i . 
there would be iiei eclipse of the moon. 

Now t the sou panes through various points on rhe ecEipti 
ut almcTRt exaxitlv the flame da tea each year. If the notk-s 
nf the moon's orbit were fixed the gun would pas* thrmiuh 
thi'in On dciinite date* iu the year. Thus* ut this dmpk 
imaginary system the prediction of edipse? would be ea^y 




RARIE PflESOMEKA 


121 


■ nut they wuulil always occur lIum to two dpiiilitc dates in 
Use yens;, tiaxudy the dales of tlie passage T?f Hit bur through 
the Jim.iI nodes. The tact that the nudes are moving makes 
ihe ]>mJictjr,<H of eclipses a much runn- complicated mattfr: 
■lir re are regularities in thg ocOfirronce of eclipses bat they 
*ut- hi nnc w hat r r impSctttsd, 




diicu.ssing them wt must turn to n coiwckftrtjnn 
ui i>34- v.h-lljh^ type* of edipnr. which can occur, and of tbp 
: iifi'uiiisianra.'i Mtimulant on tlLPtn. 

I he .Shifldmvs of the Earth find Moon 

The shadows of the earth arad the moon are cast by tbr 

«Mii, IT 11 ■ -..in i an extended nuance nF tipht whkh is muLh 
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Earner than Fit her the moon or earth. It should be clear from 
the figuro (Figure 40) that these shadows will consist of two 
parts. First there will be a cone extending from this earth 
er the mirfafl ftwSV from ihe 5 UH, This com: is the wmhra 
of the shadowy il comes to on end in a point at a distance 
determined by the si?es and scparatiniis of the bodies involved. 
This ia the flone of complete darkness, and from within it 
no port of the sun is vhdhte. This tan. easily be ■ve-rilted by 
taking any point within the umbra and joining it by a strathr 
line to any point on the Surt, It will be seen that this line, 
along which a light ray might travel, is always interrupted by 
the earth or the moon as the case may be. Outside thb 
is a second region. Ihe pmumbra from within which part of 
the sun's surface may be awn. “Jake a point in the penumbra 
and join it to various points on the sun : Sonia of these Imes are 
imemipted, but some are not. Hence, from any point in 
the penumbra the sun will be seen partly obscured and partly 
visible: the decree of illumination in the penumbra *du vary 
gradually, being almost that of the linobscumd 51m near the 
outer edges, and almost complete blackness near the edge 
of the umbra This COIT&SponcU to the fact that as one crosses 
the penumbra one passes from a region where the Sim's disc 
is just nicked at the edge, to the edge of the umbra where the 
sun is com pie My covered. 

The nature of these shadows call best be Illustrated by an 
analogy. The sun is an extended source of brightness, and 
in the analogy We represent it bv a trench manned by soldiers 
armed with bten guns each of whom pours out streams i>f 
bullets uvst the whole arc nf lire available. Tile earth UJld 
the moon arc of smaller extent than the huh. and are to be 
represented by a mound ora boulder out in front of the trench, 
The problem of the observer plotting out the shadow cast by 
the earth or the monll is the same US tfie problem of an enemy 
soldier using the mound or boulder as cover. The light rays 
from the sun and the bullets from th* Stcn gmm arc both 
travelling along straight lines. The enemy is looking far 
a shadow from ihe bullets,, and he is safe when is is in the umbra 
of the M bullet shadow Ji cast by the mound or boulder. The 
=^ifp ration ia obviously limited for the following reason. Since 
the trench is longer time tin? width of the boulder the enemy 
must not be too far behind bin cover, because then he will he 
vulnerable to eras* fire from, the ends of the trenches. In 
plan fits safe zone will be a triangle extending back to a point 
from the boulder, This is the umbra of the bullet shadow 
and the umbra of the light shadow is formed in the same way. 


< 
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It is- the deaf| ground behind thfl obJttdi 1 which rfl lVDOt lw 
readied by cross lire from the Jinnk-i of the defenders 

However, t'vcn if the enemy sioldtor is not In this safe acne, 
hr. can pet partial cover to a greater i.r tess&rextent. He may 
duck behind the obstruction so that it shields him from, 
n hp from one end of the trench, but he is them expand to the 
tire from xbc other end_ Ctomrly, if he guts too f£tr of! to one 
hitlc he becomes completely earposed,, but, iis he? tho vis in, 
provided he to not too far behind the ubstmtfcan* he will 
paiu greater and greater protection, This m tbe penumbra! 
MKlf of the buLInt shadow.. The degree of protection varies 
within it, and the degree of exposure to risk eorswpocds to 
the Light intensity bi the optical Case, varying from full 
illumination at the edge of the penumbra, to full darkness at 
the edge of the umbra. 

1’nr any given relative positions of the sun* earth and moan, 
this dimDnsiuns of the shadows cast by the two Latter bodies 
can be calculated The nature- of the eclipse phenomena 
observed in each case depends on the dimensions and location 
of these shadows* 

Eclipse* nl the Sun 

An eclipse of the sun takes place when the earth pas-s^ 
tiu-nugh the shadow cast by the moon, From what we have 
said about the inclination of the orbit of the moon it should be 
clear that the earth mil not always pass centrally through 
the shadow, If, Icpr L-xarupto, the earth just enters the border 
uf the penumbra, without intersecting the umbra, then 
fram the shadowed portion of the surface of the? earth the sun 
Will be seen partially obscured, The degree of obscuration 
wdl vary seconding to the position of the observer on the sur¬ 
face of the earth. This is the most common type of solar 
eclipse, ami w of relatively slight interest. The aun p s disc 
ii ne^'cr completely obscured si> that the faint caruna and 
chromosphere cannot he observed. However, in recant ycare 
partial SOEar eclipses have acquired a new interest It has 
been explained that the exact circumitajic:^ of an eclipfw- 
depend un the geographical location of the observer the 
relation may be inverted; ubix?rvationi of the circumstances 
of an eclipse may be used to provide exact data about the 
I'jijLi ti i.'T] pf an observer. This a nay seem to be an aim which 
could be secured by other and simpler means. The continent* 
have all bten carefully surveyed and for each land .magic maps 
we available In which the locations are defined with vpry 
great accuracy. However, this to something which apples 
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trj each continent iadiv idually. Surveys of cota Linen is arc 
very accnrate. but the connections between continental 
survey5- across sta. barriers are far less sit ah clary. l;'nr 
e*j*rap]fi, even in Uie case of so narrow a barrier as the Englbh 
i hsyauel, kiconsiatcncLcs am present Lti the surveys on its two 
rtiores. Points in the sou Eli uf Engl and are included mi 
French survey maps, and points cut the north eoajst nf France 
on the British OrdniLncc Survey, but the co-ordinates auiguecl 
ijji tilt: two systems arc not identical. PlfikiiltieR uf this kin I 
ate aggravated in t hr. case of mure extended sea barriers In 
order to reconcile stidi divergences it Li necessary tin make 
ibswvatsons. uf some phenomenon visible over a wide area of 
rhe snrface uf like earth, wbkli is capable uL being defined in 
rime with great accuracy. It has been suggested that partial 
■ ctipscs of the >un fulril these cunditkiis, amd i ih&cnratlon* 
alutiR these line* have been mmlr Hi recent EMzlLpsuii, The 
psriiuuJar featdpe which makes them valuable is lhaL ncar the 
moment of maximum eclipse the direirtmu ml the Uric joining 
the points I the- cusp*: of tfj*j dcklv-shapcd area of unobsmrect 
sun is turning rather rapidly, I he direction of this tine can 
be accurately caiculiiEed and fibservatUini of it* direction 
at various time L - throughout the eclipse can Irtf malic fay 
ticking photographs oft dtie liiicj i Figure 42 (&J-I 
Wllfrll the in non passes bfttntvtill the 3 HF 1 nml the earth still 
ckrier to the line Joining their centres, eclipses nf a more 
Sptdftcular character will iTrCCS] r. The orcun'Lblano.'-S will 
depend, a* wq have 53M, on 1 he exact dimensions uf the 
shadow 1 cast by the moon , The SHU Inis a dial 11 vb 1 1 rat her mure 
Than iCKJ tiiiif's that Of the narth. tliu muuii r- diametric is about 
■ ne-quartcT of tile earth V Tile dmicjlSJnnij or r- such til ill, 
mi the average, Ehe length of till.' uJtilitu of llir mottn't shadow 
measures about 232,000 miles from the centre nf tluj nfrDOU, 
but there is a considerable range mi either side of this mean 
value. The average distance from the centre of the mntm 
i.u the centre af the earth is 230.000 mile* that is, about 235,01-i 
miles from the rentre of the moon to the nearest point of tin* 
earth's surface. This distance b greater than the average 
length of thr umbra of the moon a shadow which mean - 
ihat, under average conditions, the shadow is too short: to reach 
as far An lilt surface of the earth. Hence, even il the sun, 
moon and earth were exact! v in line, tia part of the earth s 
surface would intersect the umbra. In these ctrcuniHtanrjFfl 
an observer on the earth is, to revert to rmr aitakigy, too iar 
behind the covering obstacle to obtain complete cover from 
the sun's fim although there 1 % a partial Cover. At the middle 
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oi the ellipse, the tnutm wiU have an angular diameter .ui-sutEi- 
i. Li'nt in cuver the whole* disc of th^ snri, and a rixijg of the 
sobr surface: will be vMbb aU round. This ting gives £bia 
irpe of eclipse the name of an anuttiat tchpw, a word which 
bus noth eii g to do with the word tncanity * year, but which b 
derived bruin the Latin word M aUuiiEi^ ", mining, a IftUe 
ring. (Figure* .ji ibi_ {hj.j 


3 



m 


Figure 11 


Torn I Snhu r Eclipses 

Aim nl.i r eclipses repretseu! the average condition* of distance 
between the smi, moon and earth. Total eclipse of tie snn, 
when tin- whuh Pillar disc is blotted out, do occur, bin tequiro 
a coruipirai v nf favourable conditions of distance in addition 
tu tin: alm-nst exact catfinearity of LJiu three bixlies, TJi^ 
or bd >d the moon round the earth is perceptibly cHipticaL 
so dial tlii- distance between the two bodies is variable 
WtlrMi I bo moon is in.-arrr tn the earth than ihe average at the 
moment of an eclipse, the umbra nf t.he shadow may mleraect 
rim surfo* r ■ if the earth. producing a small region Icqiu which 
tba suu ma v be totally obstHtrecL £ Figure 41 (&jd The 
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maximum diiitlctei A the shadow at the eflrtJTa SLtrfaCF is 
itjT tukJcs, but since thi^ distance is ndfconiHi perpendicular 
t n the axil of the shadow, these dimensions may be increased 
when the shadow fail? at a relatively small angle i.e,, when the 
Min’s altitude is relatively am all.' The maximum possible 
duration of n total solar eclipse,, that is, the time during which 
the sun is completely covered. or the time required lot the 
Limhra to sweep over the position ol an observer as the earth 
and moon move past each other, and the earth rotates, is 
about seven and a half minutes- At the average total sotor 
ctlipsc the dimensions nf the shadow and the duration of 
totality are much less than the^e figcirts, 

Ii wiU he clear that m order to observe a total eclipse one 
must take up a station oil tile piedicted track of the shadow, 
and must prepare a programme of observation-^ so as tomuku 
the best possible use of "the few minutes nf totality avai|ahb- 
For many years it Itas been the practice to Send expeditions 
tn suitable locutions. which are often remote places or unin¬ 
habited islands, for the puTpopy of making observations of the 
chromosphere. corona and other eclipse feature*. Many of 
these expeditions have brought buck rc 3 l.ll is of great value, 
while others, In spite of previous sturlies. of the local climate, 
have met with overcast sides. North nnr| south of the narrow 
belt of totality is a zone extending perhaps 2.000 miles in met* 
direction, from within which the eclipse is seen as partial. 

A total eclipse of the nui begins when the moon just brgms 
to impinge on the sun's disc. This moment is known a-s fio=t 
contact. The unob^ured area, oi the sun is- gi .idimUy reduced, 
and the landscape begins to grow dark and birds go to roosi 
The bright area ol the sun grows more and menu cti-rant 
shaped, and the sunlight falling through small gaps in foliage 
ini prints a legion of creSCffllbBhap^d Larjbt patches cm the ground, 
[Figure 42 (d).l As the sun s visible area grow? ramlfcr it 
iKgills to approximate more and allure Id a star of unusual 
brightness. Ordinarily when even a bright star twinkles, the 
soJv evidence available of the atmospheric disturbances 
through which ita light is passing is afforded by the changes nf 
colour and position. But the sun, now shrunk to a very small 
.xretfL, u* still bright enough to cast a shadow, and evidence of the 
atnnjsphrric disturbances which are always present, is available 
in tlic form of a vast number of shadow bauds of irregular 
tnrm and movement which can be seen playing on the ground 
and on the white walls of buildings. As totality approaches 
the umbra of the muon's shadow can bn seen approaching 
across the landscape. Just before it reaches thu observer 
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the last rays of the soil can be seen shining down the lunar 
vaJieya, nuttming the edge of the mtxm with a Mrie* of patches 
of Lf%litiiB^ known as M iJaiiy's beads ", (Figure 42 (c )0 
Then, as ihe sun disappears, totality begins. This is 11 second 
contact the moment when the sun jii^t disappears, and when 
the umbra of the shadow jusl reaches the observer, Tfee pearly 
white corcma H the chromosphere and pmmmfmc^s appear 



Figure 42 

against 1 hiz dark --kv and some of the brighter stars are visible. 
No professniiinJ asLronututir has time to glance at thus* pheno¬ 
mena. for now the work which has brought him thousands of 
mik*5 h .\4 begun* and he i£ bu-ny taking photo|rapiu according 
tu the piiin worked out months before and frequently rehearsed, 
Just at third contact d.fl, the end of totality 1 tile bright 
chromosphere is «w?cn to ttash out for a moment before tbr 
first edge of tile Eiiri appears, the Coran .1 disappears in the 
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rifflfnd brigbtndsiS h tin- sky brightens, and the eclipse as 
.*ver a except'lur the r.LtliiT anil buMItesa -*f the steady with¬ 
drawal of the DlOQn from the sun p ? dine. 

Lunar licllpaisa 

Total Ellipses of the sun require rather •£|_n.^■ i.\I conditions 
lor their productum and must be □baEfved from special 
Untried jreai of tilt- ---■trths surfkc. By rontniifcj eclipse-, 
of tbt 1 niuuii arc- far less exarttag. The length of the umhtu 
of L lie klladow of the earth id about S 5-1, ranr> miles, whereas 
the average distance uf the inuOIL is only miles. ThUi 

Lhe length of the shadow 13 far rnore tJian adequate 1.0 rearl l 
m the monn. and the diameter at the shadow at the moon -. 
i2i>iAnce is more itmu two and 1 half times the diameter rjI 
the moon. Thus there is no such tiring as an annular ellipse 
nf the muon. 11 the moon enters the Ultlhfd. thiae IS .1 total 
..r partial eclipse, Moreover, any tehp*e which does occur L 
visible horn any part nJE the earth'3 surface: from which the 
moon is visible- The shadow is falling on the maun itself, and 
I; an observer can tvi: lhe 111 00 11. he can are iU.lL tiiia ! ■ 
happenbig, (Fij>Lire -ft (c J.) 

W ben a total «d.ipsr n£ the mimn OCCUf^, there first ■■ 
dimming uf the moon as the penumbra is entered Late] 
the edge of the umbra is seen encroaching on tin- mcnui. until 
the moon is riiipjLv covered. Although to the nalced eye ihr 
■find my seemi fairly definite. Lu telescopic view the edge shi>w> 
rather blurred. This ri due to the fact that Ulc fiunh'Rhl lit 
the edge nf the stllkiitiw has passed through the utmun-ph^l 
.-f the earth. Luna 1 cr-Upses are uf ciiily alight 3 c until 1 
interest now. but they do demonstrate, firstly that the earth 
es round, since it has n Lircular shadow, and secondly that the 
earth is roughly the size ^ve know it to be. The word rmiglllv 
must be 1 Deluded jjLmre in fact the shadow dimunsioiiS arc 
a lightly changed by the passage of the light thru ugh flic 
atmosphere uf the earth from what they would be in the 
absence of an atmosphere. It 1 % however, easy to tee thal cli. 
earth's shadow is much larger tlnui the diameter of the me. 

When the moun hi cornpletrly eclipsed there still remain-* 
a cnnsidemble 1 L^llt on the lunar surface. often of a coppery 
red colour, This light has posed through the atmosphere 
uf the earth and its colour and intensity depend to an extent 
■ ti the particular mcfeurologiial condition?, which ciLitalti cm 
the rim of the earth visible from the moon. Thus the Ulutnina 
tion is variable buth as lo colour and inters Ltv hum eclipse 
to eclipse, but, in generaL the light has lost its blue components 
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Liy scattering in the earths linKMiphere* living a r^thi-r ertk 
J e vjcbnjd colour. 

Vvnen tht IJI uol l pusses centrally ner ,,vi th?! hliadmv lh« 
Jurucjcm ul the total phase ifi about an hour and Uin-e-quarttirs. 
Ihv time from the tint appcarapicc! of the umbra un the disc: 
first Contact) to 4 Id final disappearance (fourth Contact.) 
ii almust four hours. 

The Recurrence of Eclipse*. 

Since? pc [ipse* octur when the sun moon and earth arc m 
hue or ni.-jLrjy so. this m calls that at such times the sun must 
Ije at nr nyar ft node of the fauna's orbit, while the muOH b 
near either the ri.mm node or the opposite one. Tlie bodies, 

■ tearly, need nnt he? exactly at the nodes, and hence the qne?- 
iMik arises, liuw near must they be ful ari ec]lp>4 to Cul - 
I he an^wers to this question in the various 1 -wa define what 
are called Lhc rffipftfi and they are dLiferent for lunar 

'■ctip.ni -i iinil solar eclipses. Without" going futo details it will 
:-e nbvhuL^ that one of the factors which is involved is th□ 
vastly different rati? of movement of the suit against the skv 
i ml; ground as compared with the tale of movement of the 
■in"'ll lie:uii.it til'- sky background The sun move*. roughu 
■■»o decree per day: the moon rather more than is degrees 
p'l day. The calculaiinn is. much tf n- hath* as won hi apply 
sn thu saw? of two trains, one an express, line a very alow 
train, moving on IWO tracks which cross over at an angle of 
five degree* (the inclination oi the moon's mm t to the echptfc). 
What we want tii know' it \ht ttmdMani under which a collision 
"•'ill take place, either engine ta engine or with ofH- train Hide 
swiping the other, Given the' relative -[K^-dn -if Lhi- tiidni, 
tin-Jr lengths and the angle of intensectian of the tracks, 
wlmt rir£! the danger limits? The important paint in the aRtrn- 
mimical rase }y that tile trains concerned art? not to he rcpTf- 
^ijntL’d by the apparent sl/cs of Lhe disci of the sun and mixm, 
but by til!' moon, nnd certain Other circles. Far example, 
t-iko tI ll« -.uLse ul a solar eclipse when the Qtikm arid snin arc at 
Till 1 same node What we? wish to predict b n-hethrr there 
vill be an eclipse at sums point of the surface of lhc earth. 
l bb will happen if luiy point oi the moon coiner in frottt of 
any point of tile c4irth r that is, if the moon ruts into the outside 
one dmwn m plotting the umbra of the earth's shadow 
: Figure 41 (c) r ) At the distance ul the moon this is a circle 
about ten thousand miles in diameter nr about five times the* 
diameter of the moon. It Is then readily found that an eclipse 
utay take place if new moon occurs within ihj degrees of the 
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node, and certainly will occur if the distance Ls less than about 
i j degrees* (Fig um 43 (a).} 

In the case of lunar eclipses we have to consider the situation 
when the sun is at one node and tins moon at the other a* seen 
from the earth. When this happens the shadow of the c&rtii 
is directed towards the monn and has a diameter of about 
3,700 miles at the moon's- distance. In finding the ecliptic 
Eitmits for a lunar eclipse wo hare to Hunk of th-e moon moving 
along its oFbit, and a circle of the diameter statEtj moving 
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Figure 43 

along the ecliptic at the &olar rate. They will overlap and an 
eclipse mav occur d full moon talc os place Its* than about a.: 
degrees from the node, and ccrtaitdv will occur if the distance 
is less than y j degrees, (Figure 43) {b )4 

Twp limits are given in each case because *>i variations in 
the inclination of t he orbit of the moon, of the distance «! 
tin? moon from the earth and other relevant quantities. 

It is important to notice that, in the case of a solar eclipse 
there is a total angular region of 37 degrees {iS*3 degrees on 
each side of the nodti! during wEurh there is liable to be an 
eclipse. At the rate of about a degra a day it takes the sun 
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more thin 37 days to pass through this zone. During this 
I Line the moon will have? COmpk-ted its circuit mote than 
ones* so that at least one new moot* must take place within 
the ecliptic 3 mits, and hence a solar eclipse must occur. 
The same is trite at the other node. It then follows that in 
every year thftre must be at least two solar eclipses, total, 
annular ur partial. 

The 3 Lie. actually meets two nudes of the moon's Orbit in 
a period less than a year becauao these nudae are slowly 
moving so as to make a complete circuiE oi the ecliptic in 
e 8 ’6 years. As we poi nted out at tile beginning oi this chapter, 
if the nodes bud bm^n fixed, eclipses would always take place 
at twu definite peapons nf this year r Kclipsea still take place 
«LE definite seasons carre&pundUng to the passage of the gun 
through a nude, but thede arc not fixed m the year. The nodes 
are moving ta meet the sun in its motion round the ecliptic 
and the sun niteln a node every 173 days instead of every 
idj. (Figure 3d (b).) The minimum □ umber of eclipses which 
cau occur in a year is two and bot-ti are solar, but. in excep¬ 
tional condition* very many more than this can occur. For 
example, tike sun may just have entered the ttlipbi limit? 
a E X he fi rat now mtxm of the year, giving a solar eel ipse. Abou t 
a fortnight Infer the tdoou will haw got round to its opposite 
node, and, Lf matters ate properly arranged, full moon can 
occur within the ecliptic limits fur a lunar eclipse. Them, 
a fortnight hater the moon is bock at the first node, where the 
sun wall 5till be in the range of the ecliptic limit for a ^olar 
eclipse. Thus, under very favourable clreumstaiic^, there 
LAU be two solar eclipses within n month separated by a 
lunar eclipse. After the lapse cd E73 days,, there must b? a 
solar eclipse when the sun reaches the second node. Then 
alter u further period of 173 days (that Li still within the calen¬ 
dar year) the sun returns to the first node and there is on other 
fdipse. If all circumstances are favourable, a$ many as 
7 eclipses can occur in a calendar year, 4 or 5 being solar, 
and 3 or n being lunar. 

The Soros 

To be exact, the sun passes through two nodes of the moon 5 
orbit every 346-fia days, while the average length of the 
month from new moon to new moon is 29-5306 duys. If 
we take 19 - if the first of these periods and 213 of the second 
we arrive at a period time which is almost exactly the same 
in the two cacfefr—about yean and 10 or 11 days. The 
exact multiples are 6583-8 days and 6583-3 days This 
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period is called tln^ >\j™_ If Lit ihKr beginning of a San--: 
the fhooH, t-nrtfci nwl sua were exactly in tine, then, al thr 
eilil of the period these bodies would lw in the same relative 
pQ&itfon&i except for a relative movement nf the inn cortex 
ponding to the difference nf half a day between the two 
period* quoted above in iIlir time l]ilz sun mo^3 imfy ah- 'it 
half a decree ( appiDxtntfltdir it* own diameter; Against t h >• 
Ktar background. Thus, if the him were within tbs liptu 
hunts (as we hnvc supposed; at the beginning of the Sams, 
jl will again lie wit till] them at the oml Tlmv. li there 
an eclipse at a certain time* there is nhnosst wialn hn be flrn* 
closely reproducing the cijftnm.>mrnrc«i of the first. iS years 
und ici or ii day a IllUt Edltpws will km mu reproducing them- 
Fnilvcfa at intervals ul a Sfiros until {lie UdMay difference 
have accumulated to *mch a quantity tlnit lhe ecliptic limit ^ 
are c^toded, torrespqiLdiiig suliir eclipse* in jmenr^sive t>nmR. 
periixls do ni>t occur at tile same part nf the earth- -Vs- lie. 
result <?f tlin dEifereilce of half a ■ lav, the cim^equeilt shift 
in tlie relative iHwitkmi of the whti ami muon, and the nutation 
-«f the earth its axis, the traces nf sacccsidve eclipses are 
n Initial westwards In I on git mb by about 120 degree nn«I 
iklsri slightly north. Cycles of solar celtfhfe -3 with as rnarsy as 
-os members covering a period of nearly i inn years, and of 
lunar eclipse with 50 member* corresponding to a period of 
..111-1 yearr. can he fcilEnWed, The 3 Linar aeries is shortnr bucuuii 
the lunar ecliptic limits are narrower, and there fore sooner 
exceeded. 

The Metonlc Oyclo 

There is a further period which is «-l interest in tunnei ti«n 
with eclipse**, This is a period of almost exactly to years 
formed of 233 months of 2'i.5306 days may contrast 

I his with the properties of the Sarog I he Sams leads L ■ ■ ,•» 
prediction of the repetition of -m eclipse nf great certainty, 
but It dm-s nut occur ill lb? same part the earth, nor. &blo¬ 
an incomplck 1 comber of yearn has elapsed, dors It oCdlT n. 
the Rime part of the aky. I 1ms th.tf 5;srr_ti of little use for 
the rule of thumb prediction nf cLLipBc* visible from ■ 1 given 
place. Now, the period of 235 lunar mouths amounts t■ ■ 

111-1307 day 8 ?, while ifj years amount i-f days. Ttlu* 

if them is a new moon at the beginning of this prri^wS, therr 
will ahn be- il new tm>oii at the end, and it will ^cur with tin- 
*un at almost exactly the sanw region uf thu The shift 

nf the sun's position III the fl iih:- rcncc IhTwccil the lwo numbers 
OLkfUrd fOOe-tenth of a dnvj is nmlv a fraction of the SUlTs di-t- 
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FllvLei. Hu never, owing t?t the ifttJintttMtfs of the moon's urbit 
ihiT# will hn-VH |hvu a relative illiifL of the two bodies north 
nr south ol tht 5 ecliptic Nmv the SUH passes lliruugll two 
n<H,h’ v i of fht 1 mnniTu nrlht evefy days hi period SkHtic- 

umes Called an 1 'Fjr) and twenty of t.lu. — perioi!* 

ampuiit to t-«i;j3- , -i days, during from the pr^vidos mimtK-r- 
hy a bunt 7 day^ In 7 ikivs Lh^ son mnvK about 7 tirgrevs. 
white the tr.iat mr\g*‘ of tin- tidlpUc llsnii& fut snLir L'Ciipn::. 
is about 37 dn^rri?-5. Thus it H io l>e e&jitct.-ad that if tlr- 
huu is ju.Ht cute ring the ecEsptk limits at this 1 Maiming nf 
a nineteen year period an. l them is an eclipse, there ujLl 
lr attcitlmr cun*- at the Hamv timu of thi- year in the? same port 
of tht sky nineteen years Inter, since the sun will have shifted 
only 7 degrees -lvl r >i ftapset to Llie muun r s nr-it 1 * ami will ^.t jI 
*>. 'A ol.in 1l‘ - ]Mi 1 i■ ;\lli>wjri£f a slfcift nf 7 decrees fiireaih 
iu year f^rinti it U efear that then- will be ifCllpsea an five 
nr stx occasion* at iq year intervals all at the ^atn# time of 
year and in Hid purmr part of the sky, after which the ecliptic 
iimita Ijiive Imi rxi^cJcd and the series wall l>e at an end. 
Tile 111 vl\U |H.Tii id is called the -V^iorre CvrA* am I is useful 
fi ll role rtf thumb prediction of odipsvs seen from a given place? 
Although the Cli-ddeans discovered the Saras the Mato flic 
I'.yclv must have hti-n the tiasis of the methods by which th-- 
acqdchtft predicted wlipMS, hut It is imcertuin, smte, without 
deeper knowledge nm- cannot teJl when u ni?w serif-H of etllpsw 
irs liable to Sturt. ur, with certainty, whnn one H a bout to finish 
TJiis fact tiiust have b-en the downfall of the ancient Chinee 
astro 11 omens, p i u t ur^i m lc I y named 11 j and 1E ■■, w ho w e r >* 
i-Nivllti-d fur fatlune lo predict an eclipse, The incident must 
have caused a prelty scandal* for the chronicle records that 
evert the blind musician Juul beaten hk drunt T th? nmndiirin 
hail warned the prop I l 1 that the sun was being, eaten up, and 
Vet tia-i- prnfrs^n millI astTTaunnivPi wfrt as indifferent as WOCkletL 
images. 

while it ts thus possible to predict L-nhpses at a given place, 
it does not follow for example that ail the Fiolar rcUpsH vv i 11 
in- total at I fit* same pofdtirsn of uljservatkKL. The totalit«. 
belt nf a total solar eclipse narrow, and closd oalculatian t=. 
reL]tdm I to fix. it, Some of the eclipses of a scrieH may b/ 
total, otli^ra piuii.il nr annular, and tlsc tutalily beltA of th- 
total cclipwA will l-p displaced over The earth's surface. A 
total ctltp&e of the sun at a given place i;i a great ffiritV, a 
fact which has had a tuusiderable histnn- d map^rtaiKe 
On numerous occaaions ancient ch™aides have recorded a 
darkening uf this s\m, with the appearance of sTaru, coincident 
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with some striking historical event, sucli as a battle, a plague 
and so forth, From the known geographical location it has 
often been posable to date the event, which on other evidence 
might be uncertain within decades, a I moat to a matter ol 
minutes, even though it may ha ve occurred in a civilisation 
with only the crudest k nowlcd u i. j nf time-keeping and cd 
calendars. 

Comets 

At the present time comets- seem to he about as common 
els eclipses, for on the average Somethin p JLkfs half a dozen 
Eire observed each year. Most of these are so faint as nnlv 
to be- observable in telescopes, and as more telescopes aiul 
larger are brought into operation the Humber observed each 
veftr tends to rise. 

Li] its iuU glory a comet consists of a nucleus. which probably 
contains all, o t almost ad, the solid material in the comet: 
round this nxicJeua is a faint haze nl light, the noma, and 
stretching away from tile head is the tad. The nucleus 
probably consists of a Louse aggregation nf solid particles of 
lumps of matter, possibly having a total mass equal to that 
of one of the smaller minor planets. No exact Gguscir are 
available. The coaita may have a diameter of a few hundred? 
ur thousand! of mik-s. The tad may be a few hundred 
thousand up to a lew million mde* in length, Comets mnvn 
under the gravitational action of the sun: snme of them have 
definite elliptical orbits, Eikc- those of the planets, hut much 
mom elongated, and therefore reappear at mure ^r less regular 
intervals, “ Olliera make cnJy a single appearance atui are not 
seen again. 

The tail, which in the cbmE glory nr a comet, is ahwnt 
until the nucleus approaches the sun. Then. by some median- 
3srn not at M well understood. gns is gradually evolved from 
the material of the nucleus unlQ it forms a doiiil roulid About. 
Than the intense stream of radiation from the son begins 
to exert a pressure oti this gas. AIL light radiation exerts 
a minute pressure on matter: it is quite inappreciable in 
ordinary life, but is very important m many astronomical 
ciitni instances. When a cloud of gas in empty space, subject 
to DO other forces, is acted on by radiation pressure, tin- 
results can hn veTV spectacular. The gas moves out from the 
nucEcuFi away flora the sun and irtfffii the tail of tile cornel. 
The comet 'h tail docs, not tlicrefurr trail behind the comet 
like the trail of a rocket! it is always directed awny From tfcte 
Run and thus sticks out from the camel in a slightly curved 
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art: almost nt right angles to the direction of ite motion. (Figjire 
440 As the comet nears the sun then, the tail grbwa steadily. 
Whereas at distances remote from the atm, the comet would be 
no more than a collection of lumps of roch owing any visibility 
to reflection of the sunlight from a very small surface. now, 
the develupmcut o( the- tuminous coma and tail make it more 
readily visible, Almost certfUnly, it will be observed as il 
approaches the SUti and grows a tail ■ > [steadily increasing kngtll 
Then, passing the sun it beings to recede, steadily losing its 
bright nt-fts until it can at last be seen no moa*. 



Figure 4,1 


Diat;*am ikama# thr nrhrt vf a period t a cmrirt t \tv\i iht '.um 
F rnftvr-rti t& itidr art iht dtmgair 4 shnf* uf tkg ffnWf. ti ir dwriaptiLiml 
fi/ Me ta-fl ircxr ikr 1TJIF. and tk* rftiWOrMI nf thr tail, fiwiniing 
t mighty away from thr -.11 n Tfo hngtka of ihr tad* skmvn 

'Hatty fjdfijtftitlrd, 

Certain cornets arc periodic, that is r they move on dehElitc 
orbits round the sun and reappear a number of timrs. Easily 
the must famous of all is the comet called alter Edmond 
Hadley, the assooiale and friend nf Newton r who applied thr 
Saw* propounded by Newton ta the prediction of the reappear¬ 
ance of the romet of i 6 Sa, This was a itMArbabk advance, 
not only bemuse it rep resented a triumph for the scientific 
methods of Newton, but also because. for the first rime, it 
brought comets, hitherto regarded as portents of dread events, 
utterly capricious in their behaviour, under the rule flf [iatural 
iaw. The comet called after Halley has a period of about 77 
years, tile lust apprsmiien 1 icing in iqio, The period varies 
a little, %inct the orbit uf the comet is apt to he slightly dis 
iurt^d when it parses rather dose to the planets, as may happen 
now and again. Previous tu this, the comet had been oljflcfvpd 
at even' reappearance since about B7 b.c. and its appearances 
have been recorded as far back as -14a u.c, The cornel 
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recorded mi the Ttayeux Tapestry, where tin- iolJowmii ui 
KamHI in totiti lire shown frightened by iti appearance (tin* 
b^nipstresses did their best with t.hn unmet, lull it lines liN^k 
like a cnnibination of a still flower Iliad n flaming fork)— tbih 
rnmrt is HalF^y>, ncc-uning H-h yuajs before its mflsl recent 
passage near the sun. 

Since lhe tads of comets ate only temporary phe&onmtia, 
then, even in a periodic romut, the apjHearm^c of the bid il- 
liable to he v«rv dttlerrnt from appftrttioii tu appajitimt 
Seine attempts have been made to clotonniiie^ from stuilie^ 
of the shapes of tin' tails at comets, exactly wbat tames, an; 
nt wiprk, that th**e rebcanrhea have tint been very *ucc^tu\ 
Halley's eolith, Pt it* last appearance, had a verv Imic' t-nl. 
possibly S ndUipii miles in length ut more, nnrl the fcurth pitted 
thruu t,' h i-t without ill dfecta. 

Although Halley's enpm-t boa be^o extremely regular. d 
seftnis certain that in the long nut, even periodic cotnnLs ire 
inspcrmaisent. Already its discussing mete rs we haw refer 
red to BicLi’s comet, which first split into two parte, mad Lhco 
disappeared, bdmg replaced by a meteor stream. Doubts 
i.nSv a minute quantity >-f gas iis necessary for the prod nut ion 
of the extremely tenuous tail& of comet*, and then- in every 
evidence from the nature of eke light emitted by the tads A 
comets that the gas pressure in them is e*trembly low- t.n 
lower than ths." pressure attained in even the b**t ]afcjcinil»ry 
vacuum system on the earth. Nevertheless, the repented 
production tjf si tail must involve same mass k* 3 , and floorei 
or later it seems inL'vit.ihk' that ccuneta must <jlbintegrate Sian I 
disappear. 

In this respect then, there is otily a diHerence of degree 
between the periodic comets and those wbi-ch make only otit 
appenraurp. A high proportion of comet* arc seen ottce a* 
they pass the ami. aril never n^ain. It bo* over happened 
that comets have been seen very dose to thu sun at times ol 
total solar eclipse and haw never been &ecn oither before or 
fiincd. Cornels dnubtJc^ end their Uvea either by splitting up 
or by having their orbit* *0 disturbed that thev fall into thr 
sun or are captured by one cil the planets, rhi* Inat oiethod 
of moditic.ition of comet orbits is wcli established, Jlmre is 
a whole group of periodic CfflttPtJl which at their greatest fits- 
tan r.n from ilie sum axe at about the distant of Jupiter. The 
great mass of this planet has brought about disturbances m 
the orbits of parsing comets tmti] this state qf ELiliiirs 33 reached 

If then, in father Line long or abort ran. etimerts are gradually 
being done awaV with, where does the supply come front? 
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Itomly Professor J. H. Oort oi Leiden has advanced an 
interesting theory in which he suppose* that comets are the 
residue ol hypothetical exploded planet. The fragment* 
form a. distant rtoi.nl round she tun fur out in space beyond 
ihe must remote planet r Gra%itatirmal action ui the nearest 
■dais, and uf thr 1 nirmlwT-*. oF the cloud with each other, tends 
every now ami again to the changing of the orbit uf otic of thi^e 
fragments into a highly elongated orbit hhqgmg it close to t 5 1«? 
xun [hi? .eivc-ij u“s a lieW Coma I, which may or may not I.r* 
periodic. Jf it 1* periodic, thru gradually tin; orbit will be 
iJumged by tlw action of the other planets, and the long process 
uf degeneration wit] bcRin. L“hr theory is rather Speculative, 
but the Ideas are id great interest to akimaomcr&* 

it WiFi tv.- dear that, itl many ways there k JtOl a great deal 
i»I disk 1 , re run? between the nnelr im «d a coTiieJt imd a rather 
1 jn.il] in 111 a pi inlet, ajid utdi .d it. 15 possible that there ia no 
bard and font ]ine to be drawn bctwt'nn these two classes of 
object, ami evmt with a large telescope, it is alten &ommvhat 
< I i ff] 1: u J 11 -1 dhitinguish between the t wq. E l lias been suggeoted 
1 h.it stiJar mdiatifrn pressure might produce a faint rudirnontaiy 
taO oil the dark side i>f the earth which Flight, for example, 
hi- ffwiiKlllsiblfi Jut the CkigunsehcirL, 

NuVue 

The literal inturpretatiCHi of the name " Nuva." is new 
(M.iO- The plmnunimrin in which it applii?* h imt E III- appeir- 
aiice -if m new star, hut the sudden increase in brightness of a 
previously faint mif. Thus, if .1 mr-m is rafTmkntiy bright, 
die casual observer may notice a star visible to the naked eye, 
which shortly Itefurr ^-Viih ab^mt Many dj^ovurir- of novae 
Imve in'vn made by peripie, a mat ears of astronomy* whose 
work lias eomfx-IJvtl them to he out uf dour* at night. To 
make such a discovery requires not only estrem^y g-M>d lark, 
J>LiL also so exact a lm«Avled.:■■ uf I he? eon* Leila liutui that the 
appearance t?f a new member in rme of lliem immediately 
r;ili h** Ik- i-y-e. J tie amateur is un-u.iliv not In a position tu 
expEmt his discovery, but so ^reat an astronomical importance 
attar.lies to the prompt recognition and repurt Of a nova that 
we shall give a brief ileseriptiuii of the nature of the pheno¬ 
menon irt the liopa of ill creasing ihe number ol potential 
discoverers. 

Tlie Nova phenomenon seems ignite capricious, Suddenly, 

I'-r flu known reason, a star will explode. Its brightness will 
rHt- In the course of a few days by a factor of mujc than ten 
■lmim.mil tmii-^. until a real brightness of something like a 
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hiifiiliwl thousand time* that of ttin sun is attained. At 
stellar distances this will, usually, corrapmsd to nothing more 
than the midden elevation oi a very faint alar, perhaps to 
naked-eye visibility, perhaps to a sonic what fainter kv-eL 
We mw know that such a cataclysm is accompanied by the 
throwing off (mm the star of shells of very hot gas, at speeds 
□ I hundreds of ralles per second. {Figure 45.) 

After the explosion has -reached its peak, the light of the 
star will die away gradually over a period of, perhaps, si* 
mtmtfrK tea a year. The dimming is not always very regular. 




Figure 45 

Sometime* th^re arc minor fluctuations in biighlness, and. 
in rare cases there may be a renewed outburst. The rate of 
appearance of novae, Including instances u>o famt to be obser¬ 
ved with the naked eye. averages something like one or two 
per year. Novae occur mainly he the Milky Way. 

This catalogue of facts probably represents almost all the 
general information available about novae. The discovery 
that stars radiate by tho production of atomic energy cmhlrs 
uti to har-ard (airly good guesses as to the general nature of 
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the phenomenon. Ie general it is probable that a nova 
represents the results of asudden takluru of balance between the 
outward flowing stream of radiation which enables a star to 
ki^ep i-tseli distended against the mutual gravitation oC Li a 
parts and thin force of mutual gravitation- We have touched 
or such ideas in connection with variable stars, and have 
referred to tin- pressure exerted by radiation 1U connection 
with comets. Suddenly this balance becomes upset and there 
ii a runaway production of radiation, analogous, perhaps, 
oo a vn% greater scale, to the explosion of an atomic bomb. 
But having made this general observation we cannot claim Eu 
have advanced verv far in our real understanding of the 
problem. Many qucstkM* remain : What kind of star h Liable 
to this kind of explosion? We do not know, for most novae 
before explosion must be very ordlnaiy-looking faint stars 
hardly Likely to be singled out for special observation. Prc- 
explosico observation* of novae are very rare. It is also 
nire for a nnva to be observed during the abort hrighlenlng 
Htngu. and a prompt report of the existence of a nova to the 
nearest observatory may enable observations of ting stage to 
be iElude In liuHi- 

Ttiere te, in addiEion, a second class of nova, distinct from 
the Qm, known as supernovas. These phenomena are very 
rare. Stipe rfk tally similar to the nnva phcnotnenoti, they 
are on a vastly greater scale with i\a examples intermediate 
between the novae and the supernovae. In a supemovae 
outburst the light emitted at maximum is equal to that from 
millions--on the average- about 70 miJSlon—of sung. It Ls* 
as if a 3t&r were suddenly created equal in brightness fcn all the 
stare of the Milky Way combined Mont of the instantes 
observed have occurred in very remote nebulae, but two are 
known to have occurred in our own MiSky Way, one in a.d 
1054 anti oue in a.d. 157Z, both of which reached n brighenera 
greater than Sirius, 
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Although it is possible tu Learn a good dual of iiatfotsoiiiy 
without a telcBCQpcr, tile possesion of oven & very modest 
instrument is nn immense advantage. HU‘ purpnisr uf this 
chapter is hi give el description nf some elementary optiivul 
principles ns l hey a.re applied to telescopes, and to ofierr some 
hinis on the construction and qw i-f the amateur aatrononter'i 
telescope. 


The Refnurting Tele scope 

Telefccops M\ natu rally into two classy w/m-frrrff nr Ieri5 
teleseope9 P !,Li’*! rfifin'titig, sit mirror tcLcSCOp-^, Tile mf rivet¬ 
ing telescope is the type most fauiiliat in ordinary use, fnr 
«• sample, tilt telescopes USeld at sea. for shnrjtiny, and in the 
form ef are uH m-(me tors, Field ybjsstfi aie mcrcly 

a. prtir of refracting telescope- often of a ratiiur hpetiultype uE 
optical coflitruttion, momiteti together go to aJIord binocular 
vifiiQU. 

The principal component of a tefiactiiig Mfiflcojws is the 
laige lens (the objective) mmiatetl Lit one end uf a Lube, 
in the either cud ol which is a small leoa or lens combination, 
forming an eyepiece thrniigli which the v Ln>!■ n. r ur Looks, two 
uptical dimensions of the ybjtciLve me of special Interest 
they ate Its difiroeicr, ami its focal lengthy The diameter of 
till/objective defccxiniiua., among other things the cflgmcity 
uf i\w. telescope as a collector of light. In a '.vdlHScmatrnctei] 
Telescope, .limoHt all the light caught by the uhjattivt? rearing 
t lie eye - Now, at night. when the eye ii accustomed to dark- 
miss/thc maximum sensitivity uf vision is attained. Thb is 
partlv due tu the opening nf the Iris, the ring structure Carrying 
the colour of the eye which surrounds the dark aperture of 
the pupil. If the rye L* regarded ns an optical instrument 
it is the dicirmi-tcr of the pupil which limits the amount of light 
falling on the eye. The maximum diameter of the pupil 
probably about a quarter of an indi. from which It follows that 
the total light Emm a sixth magnitude star which falls on a clreir 
a quEirter at fiUl inch in d t suit tier IS just sufficient tu excite the 
sensation of vision. When one uses a telescope with ait apart ura 
nf three iLaches une collects iUt the Light frriin a atin which L-tISs 
u]] a drd“ three inches in d Lame ter* and . apart from losses by 

j 40 
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absorption m the- to* ami feeble reflection from the lens 
vjrtn.: cs, all this li^kt l- i iiundlfrl tutu Use eye. The thn&e 
inch cirde has a diameter twelvE time* thnt of the [mapU. and 
An Area ivtiluJL b I 44 tunes as grrat. Heiu'e, dlHCOti Siting the 
losses mentioned, the light aviulabfo is 1 1 9 times a& great, 
corresponding tu a gain of rather tun re than 5 ma^nitLides! 
Hence tlic hiini^t stnr detucl able b roughly of rntL^idtucJi! 
ii jnz-iti-ad of magnitude fr with the unaitted oy^, A star at 
magnitmle it ii Inn times as faint aa one of magnitude r*. 
so that it wu have two stars r,\ identical tva 3 constmctiuii 
which have that nuLgnitmto, then the one must be at ten 
film's thi 1 distance oF the oilier. This fallow* from the fact 
■ hut (he intensity nF the H^ht received from ti givei] soLirrt? 
l.lIEr off as ih" square uf the dLatajioc from that =murce. Thus, 
if we confine 1 * lit ; i tension m stars of a given type, the po^t-s- 
-inn nf a throe Lmh telescope will enable iEs"t<i rkteet such 
when they nxu at id times the limiting distance fur 
1 1 1 a LI■!.tilJU by the naked eye. If we biU-e IWn spheres of given 

I VriI i-1. lima volumes are proportiona] to the cubes of those 
radii. Thu* the- Increase of range of ten tiiru^ made av&HabJt* 
bv the possession- nf mch u telescope enables tia to bring unili-r 
ufcisffrfatjoii s « volume of apace which is j.uucj tiniea as great 
.i’ tlint available to the n flkvd eye, Jf stars were Ufliforlniv 

attemJ through space thb would mean that the number 
-■1 stars 11 bserVahic Would increase by t,-XjO linaes, raising the 
observable number from about 5.000 lor the whole sky ah^r-i 
mhlv with tlie tLrtkcMl eye. to about 5 million.. The actn^. 
figures Tor the Ifmltitig magtiltddc for a 3 inch tdescoprs. 
Liiil the number of stars observable are respectively ir-a ami 
almost a million, the reduction in tha latter figure boing 
due to the fart that stars Lire nut uniformly distributed izj 
ipact, ft will be dear that the dsghted of telescopic aid 
does confer a tremendous advantage. It dujuJd lie added 
that this argument based an the aperture of the trlcsenpe 
npnlk* rqnuJly well to tclefcrr.ipi'H of unv tyjie provided that 
light losfwi within file isistrumerit it=ndF can be neglected. 

Tin? vndoiu typ* 1 * of IcJLa may tie distinguished by the 
idnvexity nr concavity of their surfaces, the objective of 
n refracting l^lesmpi- k 4hpuvajent to a Ieitls nf the biconvex 
fvpe. tii.it is: a lens bntb of whose surfaces bulge nutuupdo 
■\ lens uf till* type, when hi-Id In front a white card nan 
farm an image of 3 bright object in front of it. Forestoiple, a 

II Liming glass is of this type and it forma a smaU inverted 
image tsf the 5 Ul>. IE one experiment* with a simple Il-ii-. 
ul this tyjw: it will found that the luns musl t»e held, at a 
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certain definite distance in front of tlve ^and ii the image of a 
very remote object is to be sharp. For nearer objects the 
distance of the caxtl from the lena must h* increased, iFigure 
4&.) ibis minimum distance ii ealk-4 the focal length of the 
Jens and the milo of the focal length tu the diameter is called 
the f&Ciif ra/ftf. If a lens of diameter 3 inches lias a focal 


FigttfG 


length □£ 30 inches, its focal ratio is io, and w® describe this 
by the symbol " f/io'\ We shall meet the same usagE in 
connection with the concave mirrors used in reflecting tele¬ 


scopes. 

The objective kne forms a focused image of the sky whw 
iise is pro portion al to the focal length ul the fen 9, For exam pie, 
the telescope of 30 inches focus just considered will form an 
image of the moow about a quarteT of an inch in diameter. 
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and I his figure wall bq dnubM if the focoJ length is doubled. 
When a telescope is used Igr photography, a photographic 
plate is put in the plane of the Incased image so that a picture 
ol part of the iky is duly recorded. For nlraervation by eye 
rt is necessary to u&? an eyepiece, effectively a short focus 
lens Died to magnify the image formed by the phjsctive lens.. 
If] a refracting ti'ksqopp this eyepiece is usually mounted in u 
rube of smaller diameter which qfcrt fcfi moved in and out to 
secure a proper focus adjuF,tmrnt r It will tie clear that the 
linear scale of the image formed hy the objective Jens is 
hsncl, so that photographs with a given telescope are oil a 
constant scale uf &o many minutes of am to the millimetre. 
r hi ihe other hand the eyepiece. which is a magnifying glass 
in effect, may bn changed so as to secure a greater or leaser 
degree of enlargement of this primacy image. The greater 
the magnifying power rd the eyepiece, the greater is the 
o vend I magnificatbu of the teksscope- The rule is that 
the magnification is equal to the focal length of the objective 
divided hy th* a focal length of the eyepiece. 1'huSj an eyepiece 
with a fi-Tj.1 length ol half an inch will, when u&qd in a telescope 
of focal length inches, give a modification of 6 d timW. 

A Guarding to this rule it might be expected that unlimited 
magnification might hr. sflcufTd by reducing the focal kngth of 
the eyepiece. This is correct, but after a certain point the 
process ceases to yield improved results. The diameter of 
the ohjective determines the resolving ppwer of the instrument, 
that in-, its capacity iur revealing detail. Thtre is a rule that 
a telescope will just reveal two &tu ta a a separate when they 
arc a! an angular distance apart approximately equal to 
.V. r D second? nf are, where fl is the diameter of the objective 
m inches Ulus mir three inch telescope: may just resolve a 
double star into its components when these are about 1^7 
seconds flf Art Apart. If they are olosei than this., they wiil 
merely look like a single star perhaps ft trifle blurred, but not 
dearly separated No amount of magnification will resolv 
them, and Ihn USc of greater magnifying powers will create a 
■situation analogous, tn the case of a picture drawn on ft rubber 
sheet. where stretching increases the scale but cannot reveal 
any new detail. 

The capacity of the unaided eye for resolving detail is 
likewise limited. The eye can just distinguish as separate 
lin-ps, i wo black marks on q. w hite background wtuiSc angular 
separation is about cure minute of arc, correspond mg to a 
separation of about One inch at ft distance of too yards. 
We shall clearly be approaching thft maximum useful raagni 
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ficatkm ot a telescope if we provide that thv minimum t<±w>!v 
able separation set by the diamnter *•* the objective. ?.lia>l 
be magnified! until it <urresponds tn the mini mum '.N-tuncf 
regolvable by the eye. If we magnify more than thin wc 
puiralv the ith a go. If wc magnify less than this we 

ahull not bring up oJI the detail inherent m Uu* image ti- it 
«icc al which it can he a^ptiseiated by the pya, Tn tic* tliia 
we must multiply 5/D seconds by such a faitur that it equals 
f m Inn to = 60',' that iri we mutt apply a magnification 
of ra for every inch flrameter of the nhjLiitiyc, ur a pother of 
36 for &ur 5 inch iel«cope Tills is actually only sufficient 
just to a&tfvr all the detail pwsibti*, anil in practice dr-tail 
wlU h'. seen more taitly if a higher po^vu-r, ii]^ to, say h 50 
magnifications per inch is employ I'd* Still lugher pnwrr, 

make the 11 rubber sheet “ ^cct quiu- pi.. and begin 

to rei-sal in u rattier marked manner the ilIatwriasuKes tn 
imftgje formaline consequent on ictmoftphorie ilifcturbsknces* 
On xhr other hand LI the iriRgnifU aili m mployrd is too Juv 
the bundle of rays emerging frmn the eyepiece has n rathe: 
largt diameter. which may Iks so great that ninny of th*m fail 
tin enter the pupil of the eye anil fcO to wa&te. When tin* 
hapj wftm , only a portion -Ijf tin! abjev live 4 ft tdtectivG, anti the 

ben use of thn iduscnpu is not being securtal 

S< far we have merely c-oiuiklercd the factors of objective 
diameter for:d ]i?ugih separately. Now wt inu^t brHIv 
consider thum in com bln .it inn, The objective diameter fi*r- 
the amount of light collected, The focal length fixes the scab' 
of the image, lii the cast nf a single star the former is most 
important since it tixra the apparent brightness when seen 
hi lilt- telescope No star i& sulfide Fitly ntiar to be riee.ll il s 
anything but n point of light, and, provided 13i-- telescope t* 
sufficiently well ■construeltd so ns to [lack all the starlight Into 
a single point, that ts the end of the matter. This is. never 
exactly true, since all telescopes suffer from il-of»-i l =- 1 imci.c-' 

formal LOU inherent in th* nature oi light which cause i’vri i 
the most perfect telescope to image? A Star PL5- a very small 
spurious disc surrounded by a number mF very faint rin^ - 
These Lull soEEHtbffi be seen if a Very high power is used -in 
a bri-jlit star when the atmosphere vury steady For the 
moment we can however neglect this aspect rjf the mallei 
Thus the brightness uf a star image [Icpeiula solely cm the 
diameter nf thu objective. The scale of the piLlufc, and the 
apparent separation* between various stars ill a field Hif view 
depend on the focal length of the objective. However, 
marten- arc diflerenr w lien itcnmi-* E 1 observing objects hnvir:-: 
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■ml'J 1 kk fier* eptibJr (jituiLt, sulIi as the hLejuii, iho phneto 
t clr.mds of lutninntls In thcldllkv Way (nebulae). Theu. 
> before, liie total light tollecled depends uai the diameter 
• d tl 11: objective, tmt lIte siae of the in^e Idi rra-d by this light 
[Inpetids mi the focal length. A short focus trutrument will 
pack -<• 1 1 the rLvailftbk light into a small image, whuTi ^ JIf 
therefore. be relatively blight. A long focus instrument rvf 
thLi same upurture will spread tJjc sunt light over a larger 
iirea and .so produce ii lamter imaeje. This is of little impcr- 
tauce for objiMitH ssutli els tile moan anti |>l LLj ic, a t^ where the 
urfcict bt^htucsb is 1or ye, and where there is no risk that 
spreading out the a mage ^ili make it so faint then at becoine^ 

: 11rtic-tlit 0.1 **1* L' or -■ I- J| vvjrk.1 larp seals- Jending t-. . . ■■• 
observation detail is the first consideration ; but when the 
ibfcct i.i faint .1- in r 11 ■: i:a$c of comets and nebula? it U> 
tli'i nasAry t" ki-i'-p the surface brightness as high as pcisnMe 
i el on h r to see them at aLL TLin ideal to aim At is tu keep ihe 
rut a] hplit pih gri-.;il an li.e. to make D i.ir^t.-i and In 

pack U into a* small ms image as passable (that ia, lo keep 
rle- 11..;--.! length f.ufkllb Tlwsf twu r^juirments together 
mean tluU the focal ratio must be kept Small, l! the o-!- *:ope 
is lo be [or plmtognipliy the arfis*Hn? 5 s of thr- hiiiitje is 

not of much funfii’^iarncr, since the photograph can after- 
wanbi la- ciiLir^cri or L iidinmcd under a fllhuxiACOpC, 

There b. of comae, a limit to the smallness of tin- image. 
It it |jcniiibt“i too 1111.1 1 L sli Hi ill it in iudbtin^uishabte from a 
-car, it ceases to count as an image of an extended object, 
:md VI1 r .viriiddcratimv Applying to ^Ui images nnw apply 
so st, But as long rjj this limit ls not readied, it is the focil 
ratio alone which counts in determining thr* brightness rif 
the image of an extended object and not the rhamntor nj the 
i.bjectivc- Tb tffiy strange hlfj H may Sedii, tlis mmialurr 
camera working at W ill be mote efficient far the photo 

graphy of, say a IeU'sic comet, than the m o inch toli^one 
which works a* iy-t - 3■ 111' 1 difference 1-. **{ roil re?, 1 lu 1 1 ri ■ b 

pbotughipli t+lkcrl by lh^ latter will In; much larger in 
and show far more detail. 

It mar Iw naked why 11-11 scopes am not then mad* 1 with 
much HinaJ[i 1 r focal ratn>- than they are. There are a variety 
-if rerLs-nriEi, one nf them being expense- The amateur plioln 
craptiLT tiifswn very wrll the dLtference in cost Ijetirecn a 
1-Li 1 lent wurkhiM down Lu, say, f/6 nmi pne which works down 
to f/3'5 and In: also kiUov-^ bv e_x[K'rLonci' how much slower 
the former H thdlt thd I alter.. The Senses tn thf’ shfirt focus 
'■ flhv have In bt 1 made with much greater mirvatur--- amr| 1 lir-ri- 
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are often more components in the lens. In the astronomical 
Litim there are often objecthins to the use ill lenses with many 
components, quite apart from the fact that the manufacture 
uf each cumpuncut nf 4 large tans is an expensiv!? and tedcoub 
process. 

Most astronomical objective len&es eonuiis] two components. 
These are Lenses of dilierent curvatures made of different types 
qf glass. The re-oson for this type of construction is as follows: 
wc have already met the phenomenon nf ref taction (the bending 
of light in a medium of varying density, or the sudden change 
of direction of light rays at the boundary between two trans¬ 
parent media). We have also noted that it is different fur 
light of different colours, It would follow then that a simple 
tens, consisting of a single piece of glass would., to a slight but 
significant extent, separate out the light rays of different 
colours which constitute white light and deviate them to 
varying degree Blue light IS burnt most, and red light 
least, so that the image in blue Light would be formed nearer 
the Lens than the one in red light That is, tlic local length 
fur red light would be greater than the focal Length for blue 
light. If a card were placed at the “ red " fix lis a sharp 
red imagft would be seen, button tided by a blue base. The- 
opposite would be true at the h * blue “ focus. It i.a, however, 
possible, by making the components nf different materials, 
to produce a compound Inns which fqcuffe* the blue and red 
rays at the same distance. There is a slight residual effect 
because tile intermediate Ltibun, yellow and green, arc still 
slightly out of focus. In good cameras the lens often lias 
three or more components which still further reduce thbi 
chromatic (colour) effect, but it is usually Impracticable to 
follow the same plan For any but a very small telescope. 

The Amateur's Refractor 

Having dealt in some detail with the optical principles of 
telescopes, aud particularly refractors, we may now apply 
these to the problem of obtaining a suitable instrument for 
amateur observation. It is possible for the amateur to 
construct ft crude refracting telescope out of very simple 
materials. Ail that is necessary is a lens uf fairly l<mg fetus. 
:-ueh as a cheap spectacle lens, a suitable cardboard tube, 
and a lens of fairly shurt focus, such aa ei cheap magnifying 
glssii. The focal length of the spectacle lens ts determined 
this lens is stuck on the end of Llie cardboard tube as sqbardy 
as possible. The magnifying glass ts stuck squarely 00 lbt end 
of another tube, preferably of a si*e to slide snugly in the 
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Ursl, and the Large tube La cut off tn such a length that a focus 
can be obtained arid a certain range of movement on richer 
-ide allowed. When properly focused the total length of th-> 
telescope will be* equal to the stun of the focal tengthx. of the 
two lenses-. 

The construe lion ts nimpfe enough, and the telescope can 
L.e nsud for observing terrestrial objects. However, when such 
ri crude instrument In turned an a star the need for greater 
refinement of construction will usually become apparent. 
The squaring-on of the lenses and the exact coincidence of 
their axes of symmetry is very important If this h not 
secured,, every star will possess a small tad like that of a 
comet- This detect is known us conm. and arises from defec¬ 
tive centering and squaring-on of the lenses. To make a 
telescope Stable lor astrnnnmica] observation requires a 
• ertain mechanical skill and access to workshop facilities. 
Local technical colleges nay provide workshop courses which 
will afford the necessary instruction and facilities, Eveu then, 
the amateur is to ha dissuaded from trying to manufacture 
his own lenses until he has gamed some experience, Lf you 
arc ambitious to construct your own refractor the organisations 
and bac^ listed ID the upper due will be of help. 

However, u profei'ciblc couree is far the amateur to buy a 
^tm\] telesenpi-:. Thfcft are. especially in large cities like 
Loudon, a number of firms which sell secondhand astronomical 
telescope, and even tad ay something quite serviceable ahuulrl 
be available at a price in the region of £^o. The organisation q 
Lhitcd will probably be willing to offer advice, but if you con¬ 
template setting out tui your own to buy a telescope there 
are a number of simple joints which should be remembered 
and which will help you to lay out your money to the best 
advantage. 

First examine Lise general mechanical condition of the tefe- 
aoopc, and reject it if ihe tube shows signs of -dentin got bending 
or other damage The tube should be of stout brasi and 
chu objective should, be mounted in a celt ol its own whlth 
sensws nn wLth a very firm thread. Ths objective should have 
two componeutf; and you should examine it carefully for sign4 
ijf scratching, bubbles or defects in thn gliigs. Or dirt. J)q not 
take the Component^ out of their cell: m a good objective 
the orientation and spacing of the components will have been 
carefully fixed bv the makers, and you wit] dmitrny this adjust¬ 
ment it you remove them,, The draw tube carrying the eye¬ 
piece should slid* in and not perfectly smouthly without any 
play, and, if this is operated by a nick and pinion", the operation 
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shr.mld h*; pcrfeeUy swfjftfc. There should be two ot three eye¬ 
pieces uf lEffctftnt power going up to, ay* .50 magnification^ 
per inch dtameict <*f the < ibjartivij. 

Test the telescope on a clear ealm night ami see that it 
pruriiiGGS .t perfect image -• ■( a nar. Test iti resolving jk>wct 
by observing doable stars Like Caste 1 r. Mizar* 7 Andromedae, 
Use sword of Orion k ciustal like tile Pleiades and Priitsepe, 

1 'se the formulae already ^iven in this chapter tm test whether 
at shows stars ns faint as ii should and rusoiveR pnire ■■! stars 
nr-ar the tii^DTtlical limit of resolving power, U*ok at the 
nebulosity In Orion fl»d elsewhere and stl 1 Itow bright it looks, 
iHrariiL^ lri mind what baa already bettn naid about tile Cumiu< 
tiun lietwcen image brightness aud the Juial ratio of .1 
telescope. fry in this way tu form a critical judgment 1 I 
performance and. if possible eotapart; it with turiubfaer tek 
Hcope of fairly saxudar construction under simitar conditions. 
Von should now know enough to be able to allow' fnr slight 
difierenc-tH of diameter and fm af ratio. 

One of th-e must important featWw c^E a telescope 5s iii 
[JjHunting. Alt telcsfnpee fnr professional use have what v; 
coiled nrosuifin^ 1 the arrangement of which derive - 

from the principle sat out in Chapter 1. For nil observer 
hi any given latitmlr rise altitude uf the polo is equal to the 
latitude. A tulcHL-i.ipe has to lvr mounted in sucb a way tlirii 
it can move round two axes at light angles to each other 
As an analogy, a gall Ls mounted ho a- tla pm vide movement 
hi elevation H.&. movement about a Wipntal axis] togvthur 
wit 11 a travenlng movement I movement found a vertical 
axis}, The two axcE need nut be HuiisoritaJ and vertical, 
and tlu* principle <if equal--diil mounting U- ti- malw oiu- 
avi:=i paradeS tn that of the ^nrth, i.e tu tip il up from tin 
hnri^ontaJ through an augle equal to the btittld 1 Swinging 
round this ax us enables the telescope to l^e lived in hour angV 
Perpendicular tu this avis is a enw usLe. t Iiu dn linoiii m axb,, 
and movement round this corresponds tn a. change tn declina¬ 
tion. In a ilxixl observptpry where the telescope is perma¬ 
nent] y mounted, this arrangement has great advantages 
Scale* fijftd 00 the mom l ting enabtE' the ileclimilicni and hour 
angle of a positiun to he read uil tu once, and conversely a 
star cun be picked up at once from the tahdfatml rawmba. 
aght asecavion and declination, evsm if it Us far too taint in 
be seen with Hie naked eyo- In addition, u driving ehjc.k is 
provided which sttNldily turns the polar axis at the diurnal 
rate, BO lhal ramp an object is centred in the held it remains 

so. [Figure ,*□-* 
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However, the amateur wUl licit usually require? such refto#- 
m^fit-r on Ills telescope. What lie needs is an hurtaranient 
wlii. ]| lit,' 1 can I irry nut int-i 11 garden when lie wants t . 
■ hi'icirvt 1 , and which tan Lk Mom I in n clean dry cupkwd in 
r - 1 1li interval The simplest type id mounting will sioflicL- 
Hik in the nh niELmuth type, n Junni.hUik* name. which 
fLie-dHs nr;i ermne than r Tin I the telescope can ha turned up ati ! 
down in altitude and swung left and right (In azimuth) to 
reach any part of the sky. It will, of ».uun«? L realised 
that flbjceta must tln-n ho picked up with reference to nearby 


Figure 47 

stars. sines the all dude and bearing of an object of ghmi 
iJi.'ctin.jiLjoEi and right a.£C elision arc Cuatinufilty changing, anil 
that tin; fiHtfflcnp' Will have to be moved by hand evdry few 
II Lin Uteri to take an. M.mJ; <.»[ these eiiu'vdjticii ts, This will 
p»CtH i-. I» found nut t" he a serious tlisadvantage. 

An ult-immuth mminting need consist of tm more than .1 
vflrtkal pillar which can rotate, on the top of which la a 
pULin l.iearnig allowing movement in altitude. Thu tekscopp 
should |)f sufficiently well hialane&d,, and the iFioveinent-S 
Sufficiently tight tn ensure that the tnhr.‘ stays in any 
1^ -Itifjri into '.hln li I H1E1-. hi- put, and docs not hop over. 
What is important B built Shis tv pc hf m mm tins Is that th: 
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pillar shall Lx? fixed on tup of a tripod of sufficient slse am! 
sturdiness. The tripod should be of heavy wooden CQDfltnHS 
Linn with spiktd Ic^s which can he driven into sob ground 
It should be sufficiently tall to allow the observer to stand or 
sit in comfort when using the Lnstnimcnt. (Figure 47,] 
Any slight discomfort will he maimed to adonis jag propor¬ 
tions after quite a short period of observation* Some marni 
iActons produce what is called a -l table stand M consisting 
of no more than a pillar perhaps a foot il\ height, fitted will a 
three hinged feet. This type of stand is quite useless lor 
astrmiomical purposes and should be rejected mt of hand. 


The Reflect ing Telescope 

The principal compcmeiit of a reflecting telescope is a concave 
mirror whose upper surfQce is shaped to the form of a para 



Figure 4 H 


belaid each section through the centre is paruboU}. 
this surface being covered with an almost microscopically thin 
Saver of silver or nhiininiuviL Thb shape ii adopted bkatiiu 1 
it "has the property that all rays of light impinging un the 
mirror parallel to its axis of symmetry are renwled so an iu 
pass through a definite point, the locus. (Figure 46.1 II 
must be noted that tile light docs not enter the glass of the 
mirror the sale function of which is to provide an accurately 
formed surface lo carry thi* metal reflecting layer. In a 
refracting te-lcscope the glass used fur th* Lenses must, -is Ear 
as possible, be fret 1 from bubbles, inclusions and other Mi m- 
Lshcs. The glass lor a reflector need not be of such hi^li 
quality, although of jbaunse* superlative quality is desirable. 
The two components cl the lens of a refractor have four -:m 
fates which must be figured and puiished- The relic imv 
telescope has only one* although it must be shaped uuin¬ 
accurately than the surface of a lens. The reason lot tin* 
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15 that 4 the tiurf.ico of b, mirror is turned through a certain 
angle the reilcete d ray is turned lltruugh twice that angle. 
Hence, if there hi a delect of shape in a mirror in the for an a. 
n small area lilted from the correct surface, this auguLaj 
error will product) a doubled effect on rays reflected from tN 
area, By contrast in the case of a lens, surface imperfection* 
of this kind produce a reduced effect In spite of this, the 

factors enumerated above—rrdaction in number of surfaces, 
Ies5 stringent requirements as ta quality of glass—make 
reflecting telescopes of a given size much Tubs expensive than 
refractor# of equal bL&c, A usual SL£e for an amateur reflector 
ia ais inches aperture, whereas refractors of this size are 
kimtBiiaL 

Most reflecting telescopes are of the Newtonian form. The 
main minor is mounted at one cud of a suitable tube, down 
which the light passes from the star. It is reflected at the 
mirror surface and returns m the form of a converging cone 
which would reach a focus on the am of the lube juist above 
\ia open end. It is impossible 5 in small tskpeopts to put tile 
eye in this position without blocking out thn incoming light, 
so that a flmall flat mirror or prism, is placed in the centm of 
the tube to reflect the light to the side where it enters an eye¬ 
piece nr fails on a photographic plate. A small proportion 
of the incoming light is cut oil by the shadow of the small 
secondary mirror and the thin vanea which iuppon it. but the 
lost k inconsiderable, fn the 200 inch telescope on Mount 
Raltimar. California, mid in the 120 tucli telescope at Lkk 
Observatory; also in California, it has been found possible to 
provide observing posMoni at the focus of the main mirror 
In the form of carrtagt^ suspended in the centre of the tube, 
nun which the observer ran chmb, 

The fiscal length of a mirror ts the distance from the mirror 
surface to the fixiua. All the considerations of diameter, 
local length, anil focal ratio previously discussed, apply 
equally well to mirrors- The reflecting surface is apt to 
deteriomt* with tone. Silver surfaces rarely lust more than 
hi x. months especially it tiac aLr k Contaminated with lodustdak 
sniukc which usually contains sulphur. Aluminium surfaces 
lo*l much lunger, sometimes as Song as fen years. Thus 
there is Apt to be a falling off in the proportion of incident 
light reflected by the mirror, and for a reflector of a certain 
diameter and focal length there cnay be a loss of efficiency of 
perhaps cL-i nii3i.ii as hnJI a magnitude as compared with a 
refractor of the name dimensions. Two great advantages 
eujoyetf by re-llcC tort are, first, that ail Colours are reflected 

V 
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alike from the mirror. There ii flG distortion of colour and 
the subtlest shades of colouring, for example up the Surinam 
uf planets, art faithfully reproduced, Secondly, it is possible 
to make the fucni ratio’of a “reflector relatively small; without 
undue difficulty. Whereas refractors rarely have a focal ratio 
of less than io, reflectors often have a Focal ratio as small as 
5. Further reduction of tills figure is bowevs a matter of 
dMenlty sm&e tire curves wldcli have to be figured on the 
mirror surfaces bciomcs LfiCGtivefifratty deep, and certain 
defects oi image formation become more pronounced. We 
have remarked that a pirubolddil mirror brings ad rays 
parallel to its axis to a perfect focus. That ia to say, if the 
telescope is pointed exactly at q star a. per fret image is formed. 
However, the telescope naturally has a certain field of 
and stars at the edge of this held stnd in rays which arrivu 
Lti parallel bundles at a certain angle to the axis, For such 
rays the focusing is not perfect, and at tbs edge of the field 
every star is imaged as a bright area from which a small tail 
or flans extends in a direction opposite to the centre of Ihe 
field- This defect is culled coma and cannot he suppressed in 
a reflecting telescope, (Figure 411 (d) fc).) It does, however, 
became more pronounced at a given distance from the centre 
of the field the smaller the focal ratio. 

In a small reflecting telescope the mirror 15 supported in the 
simplest of cells. This need be no more than a dish-shaped 
piece of ttielal-—an automobile brake drum ii often used 
in which the mirror can rest nu a Layer uf thick felt OI cork 
sheet. This rerrat the essenthd prpo« of preventing 
direct contact between the glass and iuetaL tn larger tele¬ 
scopes a special support ay stein Ls provided* 1 his imuaJly 
takes the form of a number of ssts of cork-faccd pads, three to 
a set. The members of each SH!t arc mounted at the vertices 
of a triangular frame mounted on a rocking support, Thu 
use of three such sets gives support at tune points-. while the 
rocking action automatically equalises the Eoad on each support. 
Install larger telescopes, counterbalance weights-are provider! 
IO afford sideways Support when the tube and mirror are 
tilted. The purpose of these arrangements is to provide a 
sort of mechanical flotation system which will support the 
mirror without strain into whatever posture the tube may be 
turned. With a mirror weighing several tuns there is a serious 
danger of distortion nf the glass under its own weight and these 
support systems obviate the danger bv providing an automata- 
caily adjusted support all over the back and sides, this is 
one of the reasons why all very large telescope* are reflectors: 
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ii klLS can only be supported ut its rim. and beyolid a certain 
this liTTiitod, support becomes Inadequate to prevent aafigin g 
of tins L&r^n mirrotis on the other hand can be supported 

aJi Over the back and Sid es. 


Figure 49 


The mounting of a small reflector Is usually rather squat and 
sturdy since rhe support n( the tube is usually located quite 
near its Jnwiir cnd + Thw rumps about since thfc> .HLippfprt has 
to |k- Lear the cent re of gravity of the tube, and the principal 
weight is provided by th*- tnirnu in its cell. Foe a sis inch 
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mirror working at J /H, til# tube wilt be about four feet Jong, 
and the support may be about a foot from the lower end. 
A statul three feet high then brings t h& eyepiece about five 
feet from the ground when the telescope is painted vertically 




Figure 50 


The observer tan then stand comfortably alongside the tele¬ 
scope and easily observe the sky near the zenith where the best 
conditions uf observing are usually to be found. 

Large reflecting telescopes are always mounted equatorLalLy. 
The polar as is may take t ht form of a large tasting with the 
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dcclinaliun axis running through it at fight angles, Un 
ijclc L'tld will he tilt: tube, on tile Other a large c mm ter balance 
weight. For very large telescope.* the overhang ot the weight 
of the tub© to one side of the axis is something uf a disadvan¬ 
tage and -an alternative plan may he adopted, The polar 
axis may then take the: fm-m nf a largo frame with two parallel 
long sides joined by two shorter ones at right angles. The 
short sides cany the polar axis bearings and the tube is hung 
between the: lung sides where it can turn north and south. 
If the ends of tin? frame are straight the north-south move- 
aneut is limited, so that it becomes impossible to point the 
teleacope to the region of the poEe of the heavens. In the 
h h oo inch tplesropi? thk is avoided by replacing the northern 
short stratght rdire by a huge horseshoe bearing into the 
throat uf which tin- telescope may be turned so as to reach 
the pole. {Figure 50 (I).) 

In nnuihkr system, of moullLing—the fork type—the polar 
ELJcia cotrespunds to the handle of a two-pronged fork, while 
the tube is maun ted between the prongs and turns iu declina¬ 
tion on bearingsfixed to the ends ^ the prong*. {Figure ,50 (cjd 

The Amateur's Reflector 

The manufacture of Senses. i* a somewhat difficult under¬ 
taking which should not be attempted without experience 
and special equipment. The manufacture uf a coucave 
mirror for art astronomical telescope is a process which requires 
ymtience but is not too difficult. Although small reflecting 
telescopes can be purchased through the channels already 
mentioned, it is quite common for amateurs to make their 
own mirror*, relying solely un i list ructions act Out in book* 
such, as Amateur TiSricope Making. Nothing special hi 
che way of apparatus as required aud an extraordinary 
variety of people, of both sexes, all ages and all kinds of 
occupations have found this kind of optica) work interesting 
and pleasant, The principles are simple enough h but there 
are many possible refinement* of detail The purpose of the 
present brief sketch is merely to outline the methods, and. it 
is hoped, to stimulate interest to the point at which the reader 
may tie Inclined to make a closer study of the subject. 

To begin, one requires two discs of glass, one ul which will 
eventually become Hie mirror, the "other being the took 
They should be of equal siJ.e and of the same material Care 
should be taken that they are not too thin; a thickness not 
less than one-eighth of the diameter is desirable; for 3 six 
inch disc a thickness of one inch \$ idea]. Ordinary plate glass 
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will servo, but pyres r d obtainable, la to l>e preferred r Fyrex 
is much Icsi expansible with change of temperature than 
ordinary glass*, so that the exact shape nf the mirror, on which 
its functioning depends, bsmuch ban vulnerable to tcmpereimc 
changes. "j-’hc mftn>; is ground to nlmpc by rubbing the tool 
over iti t surface ol the mirror with a little wet abrasive plan'd 
between. There are uJily two pahs of au r faces which have the 
property that they may be moved urte over the other whde 
remaining in perfect contact in any position, One of these is 
a pair of pLuke*: the other a [Mir ol spherical surfaces, 
one convex,, the other cemcave, and of the same ctirv+uimr. 
The purpose is U* produce surfaces of the? latter kind, the lool 
being worked to a convex shape, Lhc mirror itself to a ton cave 
shape. The practical me thud t ti doing this. id tu lay the tool 
face up, preferably oil the top end ut a barrel, and to wedge 
it light] y but firmly in position with small wooden blocks - 
The barrel m suitable because it allows the operator to wn Ik ah 
round liis work. It should be set up in some secluded spot, 
yuch as a shed or a garage, where it is possible to exclude 
dust and to hoses down khe work and its surroundings with 
water* 

$ome workers attach half a croquet ball to the back ol the 
mirror by means of pitch. This serves as a handle on w hich 
a fairly considerable pressure can hie exerted. Other workers 
dimply use hare hands, I n begin a gmah quantity of rrmrw- 
carborundum powder 15 put on the tool and wetted. The 
minor is then laid face down, and a stroke ia taken by pushing 
the mirror hiack and forth once straight across the Centre of 
the tool. The next stroke is taken at a slight angle to the 
first, the worker having shifted slightly sideways. He repeats 
the operation throughout the work, shifting steadily round and 
round the mirror. As the process has N-vn described, each 
stroke comes on tin? same diameter of ib»- mirror, so, every 
few strokes the njxratfir tumb the mirror slightly to expose 
a new diameter to the abrasive action. She principle of the 
work is tliat an the overhung at the end of each Stroke, I he 
prasstrre on the edge id the tool Ls increased iince the weight 
nf the mirror i& being carried on a relatively small area of the 
tool. Correspondingly the greatest pressure on the minor 
at this point is facing on its centre. There ip thus a tendency 
for the edge of the tool and the centre of tin: minor tn wear 
siwfcy. Hie mirror bo doming ciuicavr ond the Lekj-I convex 
I hr process ol walking round tin- barrel, and of slightly rotating 
the mirror, ensures: that the wear is evenly distributed. It 
will lx- found 1 hat. quite rapidly, the minor Marts to became 
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concave and the tool convex, the surface* having the appear¬ 
ance of rathur rough ground glass. After *eveT5U charges of 
coarse carborundum have been used up, it may be judged that 
the work has j*ofiu far enough to changi? to a new grade, Not 
only must the surfaces bo ol Use right form,: they rmis-t aiw 
end up by lieing perfectly polished. This Ideal ia approached 
by stngos.. After the coarse carborundum, the work n= 
thoroughly washed so as to nmovff all inicisi of the coarse 
abrasive and a tmer grade is substituted, Work with this 
grade must be cun tinned until all the pits made- by the conroe 
i iruiiJinn lire ground out, and the smalJer pits of the new 
grade substituted. Tills shortens the focus of the mirror, 
hut h-^-i rapidly. and COOverts the surface to the apijcarance 
of relatively hue ground glass. At any stage the focal length 
may be tested by wetting the mirror, setting it upon edge in 
a darkened room and renting it with a lamp. When the 
bmp u-a placed dose to the centre of curvature but a little to 
■.me side, the tirnige of the tamp will be .seen coincident with 
tlui source, Tills Coincidence can be tested by moving the 
Nad digtiLly to one side. If the source and "the image in 
the mirror appear to move exactly together the lamp is at 
the contra uf curvature. U they show relative movement, 
the 11nr which umveg with the eye is more distant, The basts 
nf tbisf tc-st ran hr readily understood from the fact that at 
tlw centre uf curvature all the mys from the lamp are falling 
perpendicularly on the mirror Surface and are being sent 
Stack. along their trucks The radius of Curvature, Le. the 
ilLstance or the lamp from the mirror is twice the focal length H 

This procesu Is continued with ever liner grades uf carborun¬ 
dum until the mirror has a very finely ground .surface. and a 
fiscal length slightly greater than that required. The surface 
has now tn bo polishutl. This 13 done with jeweller's rouge on 
.1 lap maili pitch,. Some pitch with a flight admixture of 
beeswax is warmed until melted and then poured on to the 
tool, The mirror ta coated with rouge and water anti pressed 
on to torn] The lap. Thta is allowed to COol and the mirmr 
remove?!.. A series ot v^uped grooves is then cut in tike Sap 
with a razor so an to form a pattern of squares. The centre of 
tile luu! must bo just in the Comer of one of the squares, 
>uice oilier wise the mirror will polish in rings, (Figure (a), 

(bh(c).) 

1 he mirror Is then polished on the lap, uaing rouge and water 
ns abrasive, until it has a perfectly smooth surface. At ibis 
stage great rare must be taken not to scratch the mirror. The 
Smallest particle of metal allowed lo fall on the lap will scratch 



TEACH VOI.'KSKL*' ASTHDSOHY 


I5S 

it beyond rcdemptiim, Dust nsuHt be excluded, but the iwm 
1 Lin.^t not be dusted arnce thismtruly raises the dust and deposits 
it an the lip wLem it will da most dunige. 

The tulrnjF b nQw an exact sphere mid has a polished 
surface. The shape a t this surface is sensitive. Touchmy 
it with the finders wiEI transmit sufficient heat to the surface 
to expand the ureas of contact into perceptible hillocks a 
few millionths of an inch high. l^lighhig will heat the mirror 
by friction and it must be left to cnol before testing its shap* 1 -. 
What ls required is a parab ijoklal mirror, that m one which 
it slightly deeper at the centre than a sphere. The difference 
between the two shapes b very slight, and to obtain the right 
shape requires an accuracy oi working many times greater 
tbsm that of ordinary engineering practice. To produce 
this shape further polishing is carried oat with parts 0! the 
outer edge of the lap cat away „ It b n nt appropriate to go in to 
details hen:, but it may be of interest to describe the rather 
simple methods pf testing which will £how when the surface 
has beer ahuped correctly to the paraboloidal form. 

The Foucault Test 

T 1 he tent to be described is railed after Foucault the famous 
mnctEcnth-cenfury astronomer and physicist of that name 
rn carry it Cfu t, the mirror is Set up ort dud a vctv small 

light fl-pOt is placed at the centre of Curvature: by Hie method 
a 3 readv d^cribcil. Tlie be:-! light source: to Use is a lamp 
placed behind an opaque screen pierced by a pinholf. If 
the pinhole is slightly to one side of the centre ctuvatutv 
it m possible to place the eye next to it in Such a position that 
the whole surface of the minor is seen illuminated The small¬ 
est scratches or surface blemished will immediately show up, 
especially if the light is fairly brillhmL. Suppose the rnirmr 
ifii perfectly spherical, and Suppose wc have a knife blade, 
preferably a razor blade mounted on a screw Support *41 that 
the edge of the blade can be brought in slowly across the Hue 
of sight. The tests can b? done with a table knife held in 
the hand, but it is difficult to prevent thn hand and eye 
wobbling about, A pnjfwriv mounted knife edge and a 
support for thn chin nr a hxEul hole* for the eye to look through 
help a great deal, [figure 511 Id.) 

I! the blade is brought in beyond the point of concurrence 
of the rays the cone of rays will be cut off on one side, and a 
shadow will be seen advancing across the mirror. Tf the 
blade is brought in on the nearer side of the point of concur¬ 
rence of the rays, the shad™ will be seen advancing across 
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Figure 51 

muror fftttfci the opposite side. Ii tile blade is brought m 
exartiy iii the puitii of concurrence (the centre oi curvature] 
the mirror will, if it is peffe ily gplujlfical. go dark dJj wr 
instantaneously. A Ce^E of this type applied at the /ticuf, 
using a bright star as the light source is employed by isLruno- 
mers tu fix exactly the focal plane of a telescope. 

F* 
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To rover t to our teal. Let us no w auppoac that vre have a 
mirror which is not exact ]y spherical, but which has, say 
through an error in figurmg, acquire a shape in which thvre 
am two Eonea, a central jone &f small curvature fi.e, targe 
radius Of curvaturn) and an uutur one of smaller radius of 
curvature. In practice tile errora will be £0 small that the 
mean centre of cuniturc for the whole mirror wilt be close 
to the centres for tlie two Jtones, and will lie between them., 

I f now wr bring ill a hi (ire edge at the maau centre of curvature, 
it will be inside the centre for the middle sone, and outside 
the centre for the miter one. The shadow a will, therefore, 
coma across the mirror in opposite direction^ and a shadow 
pattern like that shown in the figure wii] result. Th? test is 
must sensitive, and win readily reveal the presence of rai&ud 
ur depressed zones oa the mirror. (Figure 51 (e).) 

It can dsrj be used to lest when the figure in a paraboloid, 
A paraboloid ia a slightly deeper curve chan a sphere with a 
slightly greater curvature at the centre than at the edge. 
Thiira W Of Cdurw r no sharp transition between these two 
nines, si.i that what will he seen will Ik 1 a rather subtle shadow 
pattern wh»C-h will become recognisable with EspiirLcnci- 
An expert can walk up to a mirror illuminated by a point nf 
light, holding a tabic knife in his hand, and can immediately 
detect errors which may amount to only a few hundred 
thousajitltliB of an inch. (Figure 51 (f).) 

Thl* sketch covers only a few of thin more salient points. 
Its purpose IS to show that tills class of optical work can In-:, 
and indeed often is, undertaken in ordinary home Burmundmgs 
by people with no previous espicricnee, and that results 
with an accuracy far beyond that of ordinary engineering 
practice can be secured. 

When the mirror is mode, it must be silvered: recripea for 
doing tins are available fst?e appendix! or ahimlmsed. The 
latter muit be done professionally since it requires vacuum 
equipment. It b more expensive but more permanent. Sil¬ 
vering produces a much teas robust coat, which Is tmt only 
liable to ram ash, but also suffers much more if the surface is 
accidentally touched with the fingers, or II it is allowed tu 
become wet with rain or dew, 

The mounting of a rector usually defeats the amateur 
unless he has workshop facilities, hut, if there are available, 
nit 1 re is a host of works describing meth-nds of construction. 

To summarise this discussion on tin: amateur's telescope 
we* can say the following: II you want an instrument to 
amuse yourself sightseeing round the heavens and you arc 
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not nLethins ec^lEJ y minded,, buy a refractor. If you are more 
Buibttiotta and have more facilities, buy a telescope for the 
time being, and try milking a min-ur. 

Tire Amateur Observer 

When it comes to ob&erv in g tiie amateur may do one uf two 
things. Eitbn he lah amuse him&elf and hip friends with 
tours round the heavens, wiihing tn go mi further than lo 
enjoy riiH strange aitd wonderful spc-ctath^ which arr there 
to be seen. With the smallest of tdefccipea you may observe 
the moons of Jupiter and the markings on his surface. You 
may, by consulting the Nautical A hrtarutt. be prepared io 
advnnci! fur transits of these ULtcUUea lpassage in front of tlir 
disc) octal tatfoibt [passage behind the disc) or eclipses (passage 
through Jupiter’^ shadow), You may observe the rings of 
Saturn, l he polar caps on Mars, and the phases of the moon 
and Venus. YuU may, by plotting the tabulated position 
given JO (he Nauftitfd AirnanaC, try to locate 11 ran us, and, 
when you have done so, verify the fact by observing the same 
position on several nights to aw whether the suspected body 
has moved against the star background. You may observe 
tin- many double stars available, and delight in sur h spectacles 
as the Orion Nebula, the Pleiades, Praescpe, the Hercules 
cluster, Omega Ccntaiiri, and so brth. If you provide yourself 
with Norton's star alias, you will soon learn your way round 
the sky as well as you know your own backyard. Theic is, 
in fact, a wealth of interest and amusement tu be gained trow 
such aightwfdng. Most amateurs are content with this [as 
they have a right to be) and go no further. But, as we have 
explained, there are a number of types of genuine research 
w till. 1 1 can be undertaken by the amateur even with a small 
telrHcnpe. Your local or national ostrnnomicaj association 
will hid|* you tu take part in Sueli co-operative programmes 
05 the observation I.if double- stars and of out; ultat ion& r and, 
even if you have not gut a telescope, you can take part in 
meteor observation. Far work of this kind you need guidance 
moj-u di-t.died than can be given here* and your assodation 
will be glad to provide you with il- 

Tlre Schmidt Camera 

To CUmduiJc this chaptei,, we &LaE make a short rcrferaltce 
to a tyjK- of inatrument which represents something of * 
departure in telescope design, and which is receiving so much 
public notice that .tn account of it nmy help in the under¬ 
standing of sometimes rather obscure newspaper reports. 
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The properties of a pyib^id^l mirror are these! a bundle of 
rays parallel to the axis k reflected to a perfect focus, but a 
bundle arriving in anv other dkeLticii comes to ail imperfect 
focus* and shgwg the phenomenon of coma, (Figure 49.1 
The increasing importance of uotnii With angular distance from 
the axis, inductively limits the useful angular held of view. 
Fur example, La the case of a mi mar working at f/5„ coma is 
quite Appreciable at an angular distance from the centre of 
the fields which h !l quarter of the diameter nf tile moon. 
AH Large reflecting telescopes of normal design have a very 
hmited field due tn this cause. Thus, although a large reflector 
giving a large-scale, detailed, Lttmge Ls ideal for the Study nr 
known object of interest, the smallness of its field make? it 
unsuitable as an instrument fur searching the sky for new 
discoveries What is needed is an inatmincht which, will 
very rapidly survey a large area of ?ky and which will pick up 
objects likely to be of interest for special study. 

Now consider the properties nf a spherical mirror. Thus 
has the properties that a parallel bundle of rays coming Id in 
any direction is reflected, not to a perfect focus, but In such a 
way that all tha reflected rays touch a certain curve. This curve 
is called a CrtHjffV and somewhat resemble* two curved plumes 
springing from a single point rather in the manner of the two 
outer feathers of I he rkur-dHys. It is often farmed naturally 
in familiar dccumstmices, the two beat examples being pro¬ 
vided by a cup of tea and a tibip jll Jock, The milky tea 
shows very well the path of light rays through it, and the 
caustic ran be seen well when A CUp of milky weak tea is 
illuminated by a strong single source of light, The second 
case is best seen near the bniy of a vessel moored alongside the 
quay in such a way that the sunlight shines on the haw plates 
near the water-line, the water there being in shadow, ft is 
often possible to sea a scimitar-shaped arc of light an and m 
|he water in such circumstance3. especially if the Surface hi 
perfectly fltilL (Figure 40 (a) r fb) d (c},) 

Although a spherical mirror thus producr^ s defective lorn? 
at every part of its surface, all parts are* identical in form 
Thus, effectively the mirror has no special axis, and all aver a 
very wide field the quality ni image fnrmutian is equally good 
or equally bad. I f a small" diaphragm were placed at the centre 
of Curvature, aL] parallel bundles of r;iyd pacing through it 
would fall perpendicularly on the mirror surface, and would be 
reflected to a rather poor quality focus lying on a curved sun 
face having half the radius of that of the mirror, (Figure 
5 a (a).) If a nliii could be put there we should have & telcscop- 
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producing rather bad images. but ivluch would have an angular 
field many degrees in 3IJM5, that IS, possibly hundreds of times 
aa large as that of a normal reflecting telescope. What ts 
more, the local ratio could be reduced, if not indefinitely, at 
least to values undreamed of for normal instruments. All that 
has to be done then 1* to find some way of keeping these desir^ 




able properties white improving this quality of image formation. 
Ttui difficult problem was solved fimt in the 'thirties by Bern- 
hard Schmidt, an optician associated with the Hamburg 
Observatory. He degrigned a special kind of plate—the correct¬ 
ing plate —whkh is like a lens of rattier slight curvature, 
formed into a double wave form (Figure 5a (b) } which will 
achieve ttm purpose. The manuhljeture of such plates li 
extremely tricky but the technique Ls rapidly advancing 
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Schmidt cameras arc now being used widely in tiortaecttoh with 
ielevisrion. and in this case the plates an? often cast from 
plastic, but fnr astronomical purposes somt’thing mure e*act 
is required. 

In Tccetik years a considerable number nf Schmidt cameras 
has been constructed, one of the moat notable being the huge 
one on Mount Tabular, having a mirror 7 2 inches iu diameter 
and a correcting pi ate .$8 inches in diameter which is being 
used as a scout for the 200 inch telescope, The principal 
defect of the ordinary Schmidt camera is that the correcting 
pLate ban to 1# at the centre of curvature, which h twice 
m far away Irom the minor as the qrdififljry focus. That 
i* h a Schmidt is twice 05 long as a telescope of con ventional 
design having the same aperture and focal ratio. 1 Figure 
(c),} Naturally, since Schmidt cameras can be made with 
much short,er foci, than convention*) reflectors, this is not qmle 
as serious a? it would be for a longer focus instrument, but .1 
Jong tcluscope automatically means a large aud expeliSJire dome 
to house it. Another disadvantage ts that the llJm is curved 
and b** to be placed at a rather inaccessible position inside 
the tube. Recently, efforts have been made to modify 
Schmidt 1 ! original "design with LLit* object of producing a 
Hat held and a plate position which i^ room convenient. 
This work has resulted in a variety cjf new instruments, 
Ol which two of the most interesting arc the Baker-Schmidt 
telescope at Bl^nifituteiii, South Africa, and the Linfoot- 
Schmidt at St. Andrews in Scotland. 
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The Greek Alphabet 

a Alpha, v 

uu 


3 beta 

im 


Y gamma 

& omieron 


3 delta 

it pi 


t epsilon 

P rhti 


C zet* 

Of Sigma 


eta 

t tau 


rt theta 

n upsilon 


l Livta 

■p phi 


x kappa 

X 

chi 


X tarn 1x1.1 

4 psi 


p mu 

« omega 


'Lhe Const el Jettons 

A ndromeda Andromeda 1 

Casswpeiti 

O.'L’isru pe til 

,-1 titha 

The (Air) Pump 

Crmaurus 

The 

Centaur 

AptiS 

The Bird of 

Cc pkc us 

The Sea 

Aquarius 

Pamdise 

The Water 

Cetus 

Monster 
The Whale 

A qutln 

Bearer 

The Eagle 

CMamaslfoii 

The 

Ara 

The Altar 


Chameleon 

A rgn [NatrtS} 

iThc Shi pi A rgo 

Circin m 

The 

A nn 

The Ram 


Composes 
The Dove 

Auriga 

The Charioteer 


Bootes 

Tile Shepherd 

Cama Bmmif&S Berenice's 

1 lair 

Caelum 

The Chisel 

1 Corona 
Borealis 

The 

Northern 

Camxlopardus 

The GLr&JEe 


Crown 

Cancer 

The Crab 

Corona 

The 

Cans 5 t >hrrxdTicf The Hunting 

Australis 

Southern 

CoHi'i Mafat 

I>ogs 

The Greater 

Cortms 

Crown 
The Crow 

Cams Miner 

The Lesser Dog 

Crater 

'The Bow] 

Cafticomus 

The Sea Coat 

Crux 

The (South¬ 

Canna 

The Keel 


ern) Cross 
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The ClOrtSlel iflrtons — •'{onii nufd’\ 


Cygnuf 

Dglphirmt 

Dorado 

Draco 

Hr idanHs 

Etjtiutffus 

\Ptcforis) 

Fornax 

fitumj] 

Hercules 

Horologium 

Hydra 

Hydras 

trtdus 

i Mi ft ta 

/jrc 

Lw Minor 
L*fv* 

Libra 

Lupus 

Lynx 

Lyra 

Mensa 

Micr&smpiuw 

Memoa&f&s 

Mus&a 

Norma 

Octans 
Qphitichu s 

Onrm 

Fava 

Pegasus 

Periftt* 

Phoenix 


The Swan 
The Dnlphia 
The Swordfish 
The Dragon 

The Celestial River 

The (Artist's| 
Raitfil 

The Fumade 
The Twins 
The Crane 

Hercules 
The Clock 
The Hydra 
The Watennakc 
The Indian 
The Lizard 
The Unit 
The Leaser Lion 
llic Harp 
The Balance 
The Wolf 
The Lynx 
The Lyre 
The Table 
(Mountain) 

The Microscope 
S'hc Unicom 
The Fly 

The Square 

The Octant 
The SnnJcc- 
Sttsingler 
The Hunter 
The Peacock 

The Winged 
Horse 
Fergus 
The Phoenix 


Pisfor 

Putts 

Pise is 

/f lufFo/ij 

jPjfifU- 


Jfrr-frcif/rrM 


Sagittarius 

Scorpie 

Sculptor 

SVuJ^ppp 

(SaMssJbY) 

5*rptn% 

Stations 

Taurus 

T&tzstepium 

Triangulum 

Triangulum 

Australis 

Tucam 

Ursa Mtiwr 

Ursa Minor 

Vela 

Virgo 

[Piwis) 

VolanS 

VuSpetula 


The Painter 
Tlic F Mum 

The Southern 
FLsIi 

Ttie Poop 
The 

fMarineT'sl 
Oimpasx 
literally Thi 
Net 

l par 11 kill? tSP 

ihiiii.liilil wllcl* 
n 4 rf! fry I-JljiMi' ■ n 
|LU ii'^rliSuji ob*tr- 
vatioia. 

The Arrow 
The Amhtt 
The Scorpion 
The Sculptor 
(his studio) 
The Shield M 
Sob-Leald) 
The ScTpctkt 
The Sextant 

Hie Bull 
The Tele¬ 
scope 

The TriangEe 
Th* Southern 
Triangle 
The Toucan 

The Greater 
Rear 

The IjcSSo 
Beat 
The Sails 

The Virgin 

The Flying 
Fish 

The Fok 
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Some Bright Stars 

Star 

Magnitude 

ft. A. 

at Ariciroin^ciac (AJphemti 

0 

oh o6m 

a Cassiopeia? (SchedtirJ 

Var. 2 *1-1*6 

nh 3^-m 

p Cefci (Diphrlaj 

M 

□h 4101 

y Cassiopeiao (Tsih) 

Vgj\ t-6-2®j 

oh 54 m 

a Jidda ni (Athcmnri 

0-6 

ih 36m 

ft Urea* Minoris fPpiai-bi) 


ill .pun 

ft Arietss (Hamal) 

2<a 

sh 04m 

fs iVrwi (Algol) 

Var. = 2-3-5 

3I1 05 m 

b Pteiwi (Vfirfak) 

*‘9 

jh 23 01 

a Fauri (AJdslmran) 

l«l 

4 h 3JTfi 

$ Orion is (Kjgel) 

fl'3 

12m 

a Aurigac (Capirtla) 
y Orion b (Bcllatrixl 

d-a 

t-7 

5h Jjtn 
5]! 22m 

p fauri (Nath) 

t-& 

5h 23111 

t Ononis (AlniJam) 

»-G 

5I1 3.4m 

E Orion La (Altiitalfji 

i-t 

3h 3*^ 

jt Orion ii jSfliph) 

2*2 

45m 

a Oriottia (BetcJgeuse) 

Vai q-i-i*2 

5 b 5?m 

p Auxigaa (Mcnkahnau) 

2-1 

5h 56m. 

S Ganfr Majaria (Miraami 

2*0 

iift jorn 

x Carina? (Canopus) 

-«'9 

6h 23m 

Y G^mlnortim (Athena} 

4*9 

f»ti 35 til 

a Can is Maims {Sirius) 

“I *5 

6h 43 m 

€ Cirto Majorls (Adhara) 

1^ 

fih 57m 

A Canis Mujorb (Wswn) 

1*0 

7h ofim 

a G (? hi in ornm (CflStorj 

1-6 

7h 3Tm 

a Canis MinqrU (ttocyonl 

o-5 

7I3 ^7111 

P Gemsnorum {PaJLux) 

1-2 

7b 42m 

Y Velonnn 

I® 

Rh oUcu 

c Carinac 

I‘7 

21m 

ft V+j Jorum 

2-d 

Mh 43m 

* Vdoruro 

2+2 

oh orim 

p Cnrincw 

1*8 

<)h 13m 

a Hydmfl (Alfihrird) 

]-2 

H>h zfjm 

a Lmnis (Rq^uluap 

T -3 

10I1 06m 

a Ut&ac MajorLs (Uuhhf ) 

2-0 

Ilh Di m 

6 Leunis I'Dcntbrila 

2-2 

nh 47m 

« Cruda [Actus) 

t-I 

1 zh 24111 

Y Crudfi 

3-6 

i?h 2fltn 

[3 Cruces 

1-5 

ish 45m 

1 L th .1317 Majoris 

(7 

izh 52m 

ft Virginia (Spica) 

1-2 

tih 23111 


I&7 


T 

+ 5 fi' 16 H 

- i 3 p 16f 

+ Go* 2i f 

- J 7 " 29 ' 

- Sg*oa' 
+ = 3 * H* 
+ 40" 4f' J 

+ 4 '^ 4 l r 

4- 16* 25 J 

- 8" 15' 

+ 45" 57' 
+ 0* 18' 
+ *a° 34 ' 

- I'M' 

- i*58' 

- 9" 41' 
+ 7^4' 
+ 44 s 57' 

- <7° 50' 

- 57* 4‘>' 

+ 15® 7 7' 

- 16* 39' 

- 

- 26® H/ 

+ 3 * = «' 
+ 5° 31' 

+ OQ' 

- 47* M' 

- 59 * *<' 
“ 54° 3t' 

- 45° H' 

- 6q' 31' 

- »® 26' 
+ is® 13' 
4- 62* Ol' 
+ 14*51' 

- 6*° 49 ' 

- 50° 30' 

- 59 * »5‘ 

+ 5 «* H' 

- io* 5 i‘ 
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Same Bright Stars {«wfiii«^) 

Star - Magnitude 

R.A. 

Declination 

r ¥ Uraae Majoria (Alkadd) 
fd Con tan ci 

19 

1 jL 46m 

+ 49 ° 34 ' 


E4I1 oom 

— bD“ 08 

ac Eootis (Arcttllus) 

Q’2 

14b sjm 

+ 1<J" if 

a Ceotauri (Higel Kents 

O j 1 

14b 

- 60“ 33' 

p Ursae Minoris (Konhab} 

2-2 

14I1 ilm 

+ 74 “ ii' 

a Scorpii [Ant&rei) 

i'* 

i6h 16 in 

— 20° iq' 

x Triangi A List- 

t-9 

I6h 43m 

- 6fl° 5ft' 

Scorpii (Shan la} 

r '7 

J^h 30m 

- 37 ° ° 4 ' 

tx Ophmchl (kas Alhague) 

z>t 

17I1 33m 

+ I!’ 36 ' 

0 Scorpii 


17b 34 m 

- 41' 5 s ’ 

t Sa^i ttarii ■; Kaua Australis] 

a*o 

rflh aim 

- 34 ° as’ 

a Lyme (Vega) 

0*1 

iSh 35m 

+ 38° 43 ’ 

n Sagittarii 

1*1 

iBh 5^m 

— i&° Ji' 

« Aquiiae (Altftir) 

o -9 

igh 4§m 

+ 8 ° 44 ' 

s Pavonis 

2-1 

aoh 22m 

- 5 &* 54 ’ 

X Cygni (Deneb) 

**3 

20I1 40311 

+ 45 " 

m CruiS (Atrasri 

a-a 

i2h 03m 

- 47 ° 

3 Cm is 

a*? 

22h 40m 

- 47 " 

.i Pihcis Aust. fPomalhaut] 

1*3 

22b S^m 

- * 9 ° 53 ' 


A Short Astronadilcul Dictionary. 

Altazimuth. Simple type of Ee-inscdpu mounting (itfording 
ffljuvement in altitude and azimuth (bearing). 

Altitude. Angular elevation above the tlDruon. 

Angular separation* Angle formed at the observer between 
directions to two stars or other objects. 

Annular eclipse* Solar tcltpK such that a ring of the 5UT1 Ls 
left visible at maximum obsciiration. 

Aphelion. PoinL Oil orbit of plant!, comd, etc, most remote 
from aim. 

Arc tie, Antarctic, Circles, latitude limits of appearance of 
midnight sun. 

Aries. First Point of. The vernal equinox: Origin of co¬ 
ordinates of position on celestial sphere. The point. Oh 
H-A-t Declination, zero An intersection of tile equator 
and the ecliptic. 

Asteroid. A minor planet. 

Astronomical Unit. Average- distance of earth from sun. 
About 93.003.000 miles. 

Atom Smallest unit of chemical substance. 
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Aurora. f Au^flrEiIiaj, High altitude dbplay of 

light, electrical in origin, occurring near the north j south) 
polar regiofli. 

Averted vision. Technique of observation with oblique 
gaze for detection of faint luminosity, 

Billy's heads. Phenomenon occurring at the beginning or 
end of totality at a total solar eclipse doe to sunlight sliming 
down lunar valleys. The appearance is that of a string of 
beads of light fringing the in raft. 

Binary star. Pair of stam moving round each other under 
mutua l gravitational attrs^twi. 

Caustic. Curvr touched by fiystetn u F rays in opilcaj pheno¬ 
menon, e.g, by reflected rays Ircim a mirror. 

Celestial sphere. Imaginary' sphere of largo radius unr-ii for 
marking direction 3 to Celestial objects. Celestial p-ifes ; 
points mil cclesiiid sphere in directions parallel lo axis p>I 
the earth, Celt&licd cqMajor: line marking projection on to 
celestial sphere of earth's equator. Line of ^ero declination. 

Cepheid varmble. A type of intrinsic variable star exhibiting 
chiiiirtyrifctic and very regular cycle of variation, 

l hmmirwphiTe, A solar surface layer of hi^h temperature 
charrmtnriB^Ll by reco robin ntbn of electrons and ions. 

Circumpolar (star), A slar which dam not ri*c nr set, and 
rrmains always above the horbon. 

Coma (in a telescope), A defect of image formation leading 
to the appearance of spurious tails uu alE images, (Of 
a comet) luminous region surrounding the nucleus. 

Cornst, Body moving 1 n orbit round the sun an d characterised 
by the development of an extended luminous tail at closest 
approach to the sen. 

ConslellatioEs. Arbitrary group pf bt;±rs selected lor enn- 
veuleilcc of designation of individual stars. 

Corona, Solar appendage: a faint pearly white cluud surround¬ 
ing the sun visible at Hines of total solar eclipse. 

Cusp The point or horn of a descent, 

Declination, Angular distance of a body north or south of 
rcdesttid equator, 

Earth SIili i" ■ Faint illumination of dark part of moon due to 

rellccled light from the earth. 

Eccentric Literally, out of the centre. Uaetl of an elliptical 
orbit in which the aun. occupying one focus, b at a distance 
fmm the* centre. 
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Eclipse. PticiiuniHiion which occurs when me ccle-stiaj body 
parses into the shadow of another, as in the case of the earth 
and moon, or of Jupiter and otic of iti Jiatellit^s,, etc. 

Eclipse Year. Interval required for sun to pass from one node 
of moon's orbit round to the same node again ; about m& 
days. 

Eclipsing variable. Binary star in Which the components 
*h seen from the earth obac-iire each other during orbital 
motion. 

Ecliptic Apparent path of suit against star background. 

Ecliptic Limits. Angular distances from node of muon's 
cubit within which sun must lie at full or new moan if an 
ecllpH is to occur. 

Electron, Ultimate particle of negative ebetrkit y . 

Ellipse, Type uf conic section- Form qi all planetary anil 
satellite orbit*. 

Equation of lime, piilerence between apparent time and 
mean solar time, 

Eq u alormL Typc of telescope mounting with on c axis paraile I 
to that of the earth permitting direct setting in declination 
and hour angle. 

Equinox, vernal, autumnal. See Aries, Libra, First Point of 

Figuring. Process of u-urking of optical component to fixat: 4 
shape- 

Fint (second, thinl, fourth) contact. U*ed with reference to 
eclipses. First contact is the moment when the sun and 
moon Erst appear to touch. Second contact when totality 
begins or when, in an annular eclipse, the moon is tires 
completely in front of tfu; sun. Third and fourth contactt. 
describe similar configurations (in opp^fiHa order) aa the 
mooli begms to pans oil the Sim. 

Flare. Sporadic solar phenomenon involving .sudden appear 
ance of locodised bright area on the sun, followed by teETS* 
trial phenomena such radio Ltde-oula^ magnetic storms 
and aurorae. 

Focal length, ratio. The focal length of a tens or mirror is 
iha distance from the lens or mirror to the image of a remote 
object. The local ratio is the ratio of this length to the 
diameter □! the lens or mirror. 

Fdcus, Point of concurrence of light rays. Point occupied 
by sun in relation to elliptical orbit of planet, comet, etc. 
The usage Is actually identical hi the I wo caara for lig ht 
ray a emerging from one tocua of an elliptical mirror arc 
concurrent at the other floras. 
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Foucault iqtb-century French agtrononier and mathc- 
ffisSrfaE. The FoucauEt lest Cur mirrore and lemurs la 
named alter him, 

G«^eusclirin r Faint patch of light; on ecliptic in direct tun 
uppi isitd tu sun. 

Gibbous. Moon or planet having blight |*art greater than 
semldrcje and tett than circle. 

Green Flash. rI™_ hU of i^feeti li^ht sometimes s^en momen¬ 
tarily nt sunset when the horizon is clear. The phenomenon 
is due to ri;fraction. 

Greenwich Memii Tune. Time system kept by cIcjcIjs in 
Britiari Ln ^vititor, The Hour Anglo aF the- Mean Sun at 
Gree-nwkli phis u hours 

Greenwich sidereal Time. Hour Angle at Greenwich of the 
First Point of Aries. 

Gregr.innji Calendar. The modern calendar, with leap years 
every fourth year, except in century years whose Erst two 
figured are nut divisible by four. 

Hour Angle. Ats^le at north or south celestial pole between 
directions to a star, planet, etc,, and meridian of observer. 
Tile value at any moment depends on the longitude of 
the observer, thence, total hour angle* Greenwich hour angle, 

etc. 

Hyperbola. Conic section of one type (the o there being the 
ellipse and the parabola). Orbit of object passing sun at 
very high speed, or of meteor passing earth at verv high 
speech 

I on. Atom deprived by any means of full complement of 
■rieetro&js. foni&tti&ni process nf deprivation. 

Julian CaEcndar. Calendar introduced in Rome by Julius 
Caesar. having leap years every fuurth year. Superseded 
by Gregorian Calendar. 

Knot A speed of one nautical mile per hour. 

Latitude. Angular distance, measured at centre uf earth, 
of point north or south of teire&LHal equator, 

Lihfiv Ftre* Point nf: The Autumnal Equinox, Point at 
frjght Ascension iih and zero declination. An intersec¬ 
tion of the ecliptic and celestial equator. 

Libration Asia! oscillation of moon relative to tike earth. 
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Lwd1 Time. Time appropriate to kmgitudc of place under 
consideration, Greenwich time adjusted far loitgitude 
dltierenc*. 

Longitude. Angular distance measured along earth's equa¬ 
tor of meridian through plu.ee east or west o£ Gmuwtcb 
(jrxfprn-rcA nwniiun, line of zero longitude. 

Magellank Clouds. Two larg-r aggregations of stars resell] bling 
detached portions of the Milky Way. in the southern sky. 

Magnitude. Number describing the brightness of a star, 
planet, etc, 

Maria, Smooth areas on surface of the Moon once erroneously 
thought to lie seas. 

Meats Sun. Fictitious body moving at uniform rate round 
celestial equator in one year, used hs standard for defining 
Greenwich Mean Tune. 

Meridian, ^i} trine on earths surface running due north and 
south. ( 2 ) IJiig tin celestial sphere rminmg south from 
north celestial pole in northern hemisphere, nr north 1mm 
south celestial pole in southern hemisphere, Afrru&tn 
passage momeot or act of celestial body crossing meridian 
as earth rotates. 

Meteor- Small body rendemi momentarily Luminous, by 
friction on entering atmosphere of earth. AffftofflriJff,. 9 
meteor not consumed entirely which falls to earth. AJriifio 
shower, group of meteors sharing common motion producing a 
display of numerous, almost smiultiiJieouS, meltorw, Mrteor 
rttdinTi^ position in sky from which all meteors of a shower 
appear to originate. 

Metonic Cycle. Interval of ig y£aj» at wliicb a scries of five 
or six eclipse* may occur with the sun in the same pari a! 
the $ky* 

Midnight !>im. Phenomenon id cuntinuailon of daylight 
throughout tlae 2 4 hours occurring when the sun is a cir¬ 
cumpolar star. 

Milky Way. Irregular baud of light spanning the sky pro 
dated by innumerable -rirar* which connUtute the star 
system of which the a an i* n member. 

Minor S'Linet, One of = 50 me 1 ^□a- j i,noo small bodies moving 
in orbit* round tlrt suH p mainly intermediate between those 
of Mara and Jupiter, 

Minute of Axe. Angle equal to one-sislitth of a degree, 
Seeoiul i)j An: one-sixtieth of this. 

Mooa, A satellite, specially the earth s satellite, describing 
an orbit round a planet under its gravitational attraction. 
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Nautical Mile, A distance of ft^So feet corrw ponding to an 
angle nf one minute nf arc at the centre of the carth. 

Nebula. Literally, 11 cloud H , Originally applied Indis¬ 
criminately in any object secii is an extended patch uI 
fain 1 lights Now known to have been applied to many 
objects of different real constitution which are now distin¬ 
guished via evirttgAtfarttc nebulae: objects similar to the whole 
Milky Way; gaseous or diffuse nebuts^£. r relatively near and 
small structure* representing detail in the Milky Way, 
Algo certain other types. 

Node. Intersection of apparent paths of two objects, such 
as Moon's orbit with ecliptic, satellite! orbit with planetary 
orbit, etc. 

Noon. Apparent. Moment of meridian passage of sun, 

Nova. Phenomenon of sadden explosive brightening of stnr. 


Objective. Principal component of a telescope, i.e. main 
mirror or large lens. 

Occtdtation. | J as sage of Moon ur planet in front of star, nr 
of planet In front nf satellite. 

Orbit- Path followed by planet or comet round sim. or satellite 
round plane! 

I'iiiiLbuU. A type ®l conic section- Pt rt s tt rfe form of orbit 
of fast moving body under special dr^nmst&necs. Purn- 
htifoid: surface nf symmetrical form such that every Section 
through the centre 19 a parabola. This 1 h the form required 
L.. r the surfui.e r ■ E a mirror ferr use in a refiectmg telescope 
Such a surface ix frequently described by mirror makers as 
11 parabolic ". 

Parallel of Latitude, Mae of constant Latitude; a circle on 
the birth's surface centred at the* north nr south pole. 

Penumbra, (r) Region nE partial dlummatiori in shadow (of 
planet or satellite), \i, Zone of intermediate brightness at 

edge of suFispot, 

PeTiliLdion. Point of closest approach uF a planet to the sun. 

Peru 11 :1 Interval after which ll phenomenon recure. as period 
of a variable at act, of orbital motion, of axial rotation- 

Phase. Lfecd to describe degree of illumination of moon, 
plant: t ur satellite. Also in eenae of Fraction of period of a 
recurs nut phenomenon which has elapsed, as for example, 
in connection with variable star. Alan with reference to 
f!i - Sipscs, to describe stage of pbenomcnon. as total phase, 
partial phase. 
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Planet. Coni solid body moving in orbit round sun (or possibly 
star) awing liglit and heat to inn (or star). Inf fin or, 
mpirior, planrU; those with orbits interior, exterior, to 
that of tile earth. 

Planetarium. Davies for demonstrating apparent motions 
of slats, plniHts, etc., usually by projection of images on 
interior ul darkened dome. 

Position Circle. Circle centred nt subricilnr point □t Him, 
planet,, etc., having radius Lorrcspijndmy tu mtaSuted icUllh 
distance of object. 

Prominences. Large ftfciiw-liRft appendages of sun not nsrT- 
mally visible without special tnstnunents, 

H«flutnr. Type of telescope using a mirror for image forma¬ 
tion. Newtonian Refltrinr: original form devised by Isaac 
Ntwton still widely employed. 

N efruction - Rending ©f light rays on passage from one medi u rn 
to another, nr into Layer of same medium having dtllf-ft'ilt 
density, e.g. water to air, glu&a to air, hot air to cold, ot 
vice versa. 

Retractor, Type ol EeEescope employing lenses for knag*- 
formitioii- 

Relativity. Theory of type proposed by Einstein which seek* 
to unify ah physical laws in form independent of particular 
conditions of □b&crvatiuii. 

Resolving power. Capacity of lens, mirror, eye for mv'cahiii; 
detail. 

Retrograde Motion. Motion of planet, satellite-, contrary !-■ 
general direction of motion of bodies in solar System, or 
apparently so. 

Right. Ascension. Number used in denning pu&ttiafii oil celes¬ 
tial sphere analogous tu longitude in terrestrial ruagr. 

haras. Period of tS years and 3 □ nr tt days after whu Ji 
edipsei tecur r but not in the soma part of the sky, or visible 
from the same region of the rmrth. 

Satellite. A nitron. 

Schmidt Camera: Typ* of telescope invented by Eenduud 
Schmidt having very wide field of view and producing very 
bright image* of extended objects. 

sidereal day. True period of urial rotation of earth relative 
to stars, Etjum] to ij bnurg 3b minutes of ordinary Umi-. 
Divided intn 24 sidereal hams, and tbc-pe into minutes and 
seconds of sidereal time. 
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Sidereal Hour An^le. Alternative mcthcKl of specifying 
Rij^bt Ascension adopted for purposes of aircraft navigation] 

Sidereal Time., Time bused on rotation of earth relative to 
Titans Local Sidf fifltff Timer Local Hour Angie of First 
Point of Aries. Gwauacfc jftm*_■ Green with 

Hour Angle this point, 

r-uriLiT | Lint. Time system based On hour angle of Sun.. Mean 
soiar Hmt baaed on hour angle ol mama sun. 

Sabticr, Moments when sun is at greatest northerly or 
southerly declination. Positions where this occurs. As 
summer solstice, winter solstice, 

Substehar, Subsolar, Point Point at which star, sun. i& in 
zenith. 

Sunspot- SoL&r phenomenon analogous to meteorological 
disturbance in earthy atmosphere. Smup&t cycte. period 
of about ?i ycare during which frequency nf appearance of 
sunspot varies. 

Synodic period, Ffeliod, after which the S&tnc relative positions 
nf twn planets, or of solar surface and planet, or planetary 
surface and satellite, are reproduced. 

3 ran sit, T^asyagc of an inferior planet in front of sun's disc. 
A very rare phen omen run- 

in jpkaJ year. Average interval between successive passages 
of sun through vernal equinox. 

Umbra. Zone of complete darkness in shadow of planet* 
satellite. Darkest part of sunspot- 

\ ariabli- Star Star whose brightness varies due to internal 
change or eclipse by a second star 

Zenith. Point on celestial sphere directly overhead. Zemlh 
I iisUmtf angular distance from this point. 

Zodiacal light. Paint ilhittiinatinn due tu scattering ol 
Sunlight by dust, extending eajfl and west of the sun along 
the zodiac (ecliptic), 

Zone time. Standard tuna system adopted for convenience 
throughout a given geographical kcuie. 
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The following bodies promote interest in astronomy among 
ama tflura and will probably be glad to offer advice and help. 
Most (rf them publish journals. 

Gkeat Britain 

British Astronomical Association, 303, Bath Road, Hounslow 

West, Middlesex, England. 

U.S.A, 

NymeraLts astronomical societies eiiit. To make contact 

with the nearest try, 

Shy and Tderape, Harvard College Observatory, Go. 

Garden Street Cambridge 3 H-, , L-.S.A. ut A*L urn omit id 

Society of the Pacific* G73. Eighteenth Avenue. San Fran- 

ciseo it. California, U. 5 -A* 

Canada 

Royal A xtroflun dcfl] Society of Canada. 13 Ross St reel, 
Toronto Canada. 

IRELAND 

The Irish Astronomical Society: c/n Armagh Otsetvalcify, 
Armagh. Northern Ireland, 

tfuw ZlLAtAHD 

Royal Astronomical Society oi Ni j w Zealand, Carter Observa¬ 
tory. Wellington. N.Z. 

South Africa 

Astronomical Society td South Africa, Royal Observatory. 
Observatory. Cape Province. Union of South Africa. 

AostraUa 

Several astronomical societies flwt; enquire of Common■ 
wcidth Astronomer, Mount Stromlo r Canberra* 




INDEX 


it, Hi? 

\iUmi* 7 'f 

Jfl r 3 I 4 tG? 

Mfl^r 5 ^i 1 = 1, «fr 7 
Alpbcnnx, at. 1*7 
■\.l> kia, 334 ig4 

Al H r4 t.ji~i 111 h ni!>JD>Luiu , l lj?, iciri 
AllilUiJr, 4 . iliti 
AlriflidlS iiLj^rr-^?, e*1 
5^, Mil 

AiuiiwneJi h‘«liul 4 , 5 t 
^iypikj MiTuraUi^ Elia 

AlUlllbr irjlllAT, JJl, 1 1 art 

Anmmi:iy.iio!i. Pnfcst ai, 56 
■\n1arrliL- t'iii Ih, i\, 1 s-jj 
An! ir«J, 1 ifij, ifcS 
AttlUi, j|. K.^ 

AfiWlw.cn, t&8 

ApiLi, 36, 46) 

Arfuamn, 53, r*j 
AquilH.. 53l m 
Aca, aft, ai-i 
An; lie kirnk. 13, r-vl 
Arei&fti*, 34, alifl- 
Affii-i, 57 h l&S tL i 
Aff*. 1*A 5 ^ 115 

■Vlr*, Pint JAurtt < 4 r iu- ia U, iW 

Anri, bj 

Anarja 4 era ter. 74, poj 
AsLrroirSi. 7i P Tfe, c6d 
A3Ln?ri..iui..-.il i'dLI, ns, r, 7t jrj iu 
A^eftjrptyidri, 

Aarlrfa, W, J&3 

? ? a 93 , le^ 

Anttunwul «4Mllim. i-% I r 


Btxb*, iaf, ir^ 
ftmiait T*^r*ny, l 16 
IJt. 11 .Ltix. 31, |h-7 
(tadfc-iut, 31, jg. p^i 7 
Uiffj'a Lam ft, pag, 13^ 
By; DtppeE, +y 
illoajr tLun P ioq r E&q 
HIj-b^ti IVtilHwk j;^ 

Italle'i Ln^, V' 

Ui tij 

HnaLlJ s:iuiuiri u 74 


Cfchi.i'«r, a>v if.a 
L'-*lrailar r 3.4-37 

Call] J|rj r (iT 

ClHrilDpaMlIM* 4 7. Jf>3 
C 4 au! 4 |-, J 4 , IMS K I 
Cxjim ViMUf 1, *4, [65 
Cxjils hfajcff, 3S *i>S ft. I 
Cuua Micur, jj. 11 . 3 , PL L 
, 40, S&, 


Cipf of <^»qd Hope, 41 
LapHla, 5* p 1*7 
Capncfia-itiLS, 53, r&„) 

Carinx, 3B. 97 . «*1 
Canwfwia, 4 ' 4 , 1*1 
<-n!ur. 3#. 

Caiwte. im, i6^p 

(au^Eti!- EeJuaUt, 3, ]I>) 

■iJilfclcML | j i.|k 4 , i B 4, 1P0 
LekxtuL 3jiJ>rf Hi t wg.. i&g 
CfiElEJ 11X1:3, ■: L4i 57. I to 

LentnliigaJ l.m.-*, 

CepLruJ variable, 4 g, nj p pi, 

CjeT ibx-ui, 41*- 
Cm*, 7J, ?6 
04 *U*r 3.^ it, 1*3 
WIPHTWlkcn, 3«u 16J 
Q|*j|f* (1. «4 
CJigjbt* 1 Wain, 

Lbcnmitfe. d«l 1 * ttftttmpa, 14I 
CBranKftpbiir«, ^7 ct «a],, [M 

Qrdinta,, -ifi, 16* 
i"m'nuipjlaj slara, 13, ito 
n>l 3 iic. C'-nOjJrtifci, 

C04I $*r.k 4 -jti. iSv PL IV 
CntiimL*, 30, 53 , Mi3. rt I 
L^mili, oi 14 in., 3 Sg; aptis hLl, j ( 7 

m. jr* 

Ccciu tkJiMiirf j. ■si. .| 0 « 

CuomtIt, 114 Bfc 1«V. Iftg^ Bwlm'K iai, 13 ^: 

HiJbiry-i, Eji, E|t; and m*tWff 

I 03 i HJ 4 &. re HI 

Cjpft«fd| 4 tll»i, (t El scq., ifti, i&a, 
CtintcuH, liitr, pkixhI. H.c . sab. i*>, i^i 
Car LjirotJ, 34 
CarcauL An*inalH, 55, 34, 

Corona Ikmfioli*, s* p jfis 
CaEDDii, iciir. 07 ftt irtq, B 117, 3^ 

Connax r 34 r t*s 

Oilrt |n.ii*l-EilahLi]|, ra, 1 C 3 

Cnlif, lur'ror, 73 

tlJTiii, 2 |, * 5 , 3 7 , -L&&, IT- IV r 

L 1 IXI./ 5 , 434, [6? 

4x, as 1663 lit Cjfeiu, U, 


PUHLIMaIIAH, I ) El Ur 
jLHannot. 6? 

Driphuujh sB. 1*4 
DtILa LrphjH, 4?l tt* 
Lk'LiUC-jJa, 54, | fir 
Uemiiii^, W. F, f EO? 

L-h.m L'lr clijjlr-r, tja 
tli>jtile ■.!■:! 11 Lfl?, 33 
.1*yi, 5 j 
DwiOiK ST. J 6 * 

Draco, in* 

Draper, ilaLrjr, pi 
Dnbiic. 40, 


:-;t£* 


t I6J 


179 



SU*n, &K wlriL oE, *?, & 3 , * 3 , 6*. 

ti .titans a(, 1 , 16 . ri 
[ j.nlidLiiK, “js, fc6q 
LracaLridl?. 6a 
luclipvei, il >j El M<U 17 i? 
hiiuil, 11 i 

wvlnip l*i |*q.: .unrjlir. ill. l&E,; 
j-rtl.il, ia 3p fl, YU; luUl, I a* 

tkiuteoce of. : i'y 
Mpu jcat, ijJ, i ja 
KctipuuE viriglitefl, I i>j ft W, I Jo 
UclfpCfc* i&ift »q.. 0j r l|Qp tja 
iiDHpEiS lini;Lh 1at Hq., i?u 
Manta 5 ^ F 7 * 

ElKtfHl, op .pto 
lilkis^, r^i. 170 
ISrHnjuJuo.. ftj 

l^iLitKriL of Tuor, ift ft Ijn 
3 -:qijfatc>iuJ irn ijuLoih . \4&, 170 
iiquiiibiEt. ig, 3 *h 17« 

EqiJLllEUl,. jin JdHj 

Erulaooi r VO, 56, 1 
Era#, 71 
Eulfrp*, ftx 
li^rmiSiii H-fcr, frl 
K}f, RWprtH aE r 3.9, id* 


Hfnlwwn, jb. it»6 

Hmilt Ax7. 1?« 

H .u.Lrtl, V£> 

J]yr1ra r 3^ J| r 1-6^ PL t 
bl'.llnin, S&>. am- 
itj-perbjia,, Ki+, m 
I [n?misn h fr* 


I*nmp r fl* 

lunik, 77 
Eo, ^ii- 

[«i P Jig, 1J l P iKWt&Wfciliin at, 6g, <j7 
Enuun.Lkvn r frj 

ludifii, ;iij j W 

E=lfEl ~ ir M, -bs 

]aiMup[u'>l>AL P*E* Lieh?, m 


nun, Sir If. SnUcIHr 7 * 

i-lLLr. Qibodkl-, jfi, 

olrni Cjeuj, 36 

i nmv 77 

laoilrr, Op, l*?, PL d( (MtfilUWf 
jn j (il-;, :.jral -rcmdulkmit 77 . 

^rrp,t«s at, ti, 7?h Uftwiu; frfnoii 
frtL vrtorin? oi. &! 


Fuviftm, n. 1 

1-Ihtb. wj!ji, UE El «fU1-, 170 
h'i«:ul 1 mi£ih. rnL|q, hi, 170 
i'w. ajfi 

tipUf-tk P*t. 150, tgi, a EiJ_ Ijn 
FffluHlMl, >&„ ioH 

1'ijriux, 3^ ibo 

J uih j iill Lcil, x±*i afl H M. ^ EU 
PiuuSt. 13 iy ol r 


GU.AIV, JA 
E 'hl[irt[»^dt:| ^ K ll 
(LrftttiMifilcu toi r 15?, i?a 

1^-iOILil, 13, 1-E, |£* 

I .Hiniaino Sfckm. 

f.nivftv. to 

Lirt-il liur. i g 
Umk ilphaKl, 41, 165 
Gnus Hisji, IIP, i?l 
Giwmridi, Hour ADf^, H, xai Meu’i 
1 ioi^r Jtih iin 3 71 i Mendimn, 3 1 ; SiiUstaJ 
1 Hair, 2 i, 171 

ttr^WllB Ln^rolw, 3*. i?i 

■UTiMO^tr 1 ! *■! 

Cm*, *&t> 


1 tllllT. Eu’N-EJTU, IU 

JldJJey'k L'jnj-pL, e rjb 

Him-inJ ObBet^Btrji 7, 4 j 
Hermit*, 3 | P ItMi 
Hdnib UloCe#, fi, PL V 3 I 
HeraclwJ. 7 'f 

Uafdirfi Je**3 Box, Pi- iV 
I [jppuebua, JQ 
Hune'i find, IS 
H-vruija, j, 3 


KeuhI,. *, l?i 


irrfi 

Ljaliiii'lr. -fa 
L^itUikt, 1, ir Jf i?j 
U iP V^r. Ht- 
Lto, 5 X, 33 n 

Hlo«-. ii. iH 
I f’l'iis, si\ Ebfr. I'L I 

Ij-ME^rter, 7<^ 

IjUn. 34. 1&6. 17i 
UbnlkPir, 7 is, 17? 

Lsi 131 

Ll|{bE Lb piJixH^bcTE, Elb <1 Hq, 
iM-mk Hwie AhrIe, 17, in 
Ijutd yiilKrfiai Loor, £v* 175 
Lufcii t initf, 53. 1 TI 

] jir^gil ule. tg, 17* 

I .lUOioauty, *u 
Lufitifl, a6j 160 
l.nn, jo6 

L.p^, EkriiJf'L 97. q* 

Lyra r 


MlD4i<ai-|i ObeiktaTdi r H II, 

Horfrilante ekiuda, Sf.ija 
HuilHir aLEamik, gs 

mj, m 

JdiMCSliliidB ayjii?Qj, Fji 

WaES, fix, FL II, 1 Hiial L oil, 3T3L tite on, TT, 
crbit ol, 07, JO, pb/iii-ftl caDdaEmrr: ftfi. 
Ja- MldUHtl ei, fu, Ttij ifiimtiu jh-E^hL 

Muwdi/j't,, T? 

StELUT, Sufi, iP ■«[,, Iff 


r-^- £ 



INDEX 


^pQsa, pfi, ]M 

ini eE aen\., tjiz bnmdapimtfli 
■:;( Hwjci, 74; ltxi it 1 *, t*; •□bun'ilitip 
id,. i ;»*■■< r\ *eq.; rad-atli, lo*. 773; 
lo+. IDS. * 7 * 

PlfMUrUWl CflJ, IJM 

rvi^tcui^q Cyd# h 1 si Mrg,, ira 
lli-rirury, fo, ftp, *3. J U ; Jrtii*4ft 
phTucaJ rcMlPtkww on, t-] 

SfEcruLlD, Ij, l£r p ■ ?2 
M'MuJor. p-a.iuff-, ah 
Mlcraccpiimi, i«i 
M ii -iiijf !i" Sun. T r . a 7a 
M\fky Wifi Sih * 7 , 3 *. i 7 1 
^ICJld*, C 4 

Mipair jililWli, 7 ! | ^Th. fjri 

Sti&ult. «¥, 7, H 
JUri Cflli, 11« 

Wlt^Ee, jpa 
Miranda, 112 

Nlirarm. nMDiliirl itrt cit, ejj tl 
Mine, il. 4.^ 

^nhciamcdan C-alcndar, ji, 

Vf. mi* 5.3, t&S h PI. t 
HiMii, flif, 75 ft Jcq !p 171;. 
wikip^d*. til; 
imarM On. 73. T7I' 

ITjflOEtJItfW 1*1, 
n■-■-!« cE nrtsE. left |J'+ #L 
(HUM **. 7 } 

HlTniBg lEiJ, ftj 

MmilElUfll, EdCKHJKK, 1*^, I J 4p TJj 
Mwfi, JD r Li.fj 


Nftlifl&lE KlLt, H, 17] 
fSpbuli. T ?3 

NnptaOC, □ r r ifii, P/, iJ"1 IL ! a of. 4^2, 
NrfFir| H til. J*| 

Nrwi«t, i 3 j 

mw'Qflbli fpUeciatr Hz. 1 J| 

Vl If III Fbl | i! 

S 7 J 

Simu, jfi. e€sTi 

Nfer® AiLuiiicTIfl^. n 
Nwit r ij& eL ml;,, |?3 


[.’iicuns, tia 

UUpbrlive, at Eckwtw, Mq, if ft, j(? h i?$ 
GcculEaElOflS, 1D7 El icq., 17 J, 

EJclajia, jfj, 1M 
Olr.l 5tyl& jfi 
l.^lll|i? bill. ■*, Ctrl' 

LJrioiv n\ si. 1.=!. l^o, ft. 1 

4J*«m Narnia, Si, 3ft 


7 C> 

iVHlri'CbwviWr, tfi, 15 .*, rbi 

ParfitaL., 1 L.-C, ijj 
PinMI, E^, i7i 
P*Vffc. ifr E'Trii 

IV^asrua, nr. 5,5, a«*»i (ifME Sq^atc ol 
3 J, 13. Jj- 5* 

[Vaumtira, oF lompat. $!, t;j! 

aE nhadrmr, iti, i?] 

]Vrib®llc®. *i, 173 


m 

town*, so. iWr 

V 7 \ 

S* 

ElX 

Flioeeii, ta, tM 
Pk du Midi, ■>? 

Pic tor. sfi. iWt 
Pm-a, So. itA 
l^scii A-uHrmiiiH ]■(. p hfi 
Plaoeli. *\ v ry*; H.!frrw.f. 64 irt 

Wi^.L Sifc 00 r T 7 - mlna*. :c. 75. 171 
pk*M* rf, 64. Hi; iLpfjiar, 

Pttn^nr^iit, i h 17+ 

Pk±«i#f, 5* 

Hjcm**, ■!. iQ. 34 
Huso, ti, r=^, -j 
Pdir nip iii, 1% 

IhiUni lPDi#7i±iF|. a, ^ ti 4l k47 
| fc cUifain Cr iji> 

[SliaUI. -,J r I(i? 

r^than cimv. ->, 17# 

PTa-Srpp, 

51, Jfl7 

^IIEIH tcnEaufit 1* 

H^Edis Mfiomipf . 55 
fcjeLn . 13 . 

Il.ipI.M Ijjaunuai^D, 7c 
rnnutiLin. 33 
Klnf!, 74 

KrlLr^CuLi CEWSCPpr, E IQ tl U»-q., 1T| 

lEUlUmfk, 133 r! 

IrtFfriLlaiii Li”|inri l/pG, Eld *t «q.. 3 7. 

amnif-iir’i. ( 

FiEfnrtifHi, 3T^ 

KeFiiJui, 44 , tC* 7 
ridaEjviEy theory, 4 174 
r^-ivCTie jwwer, 743 r: mq , 17 p 
K cl i r u h *n~i. jtij iWi- 

hjflyadr matioii, ti?. 174 
Kb-ra, tU 
H.(Tr-l- il, EfiJ 

Hitirl KffllT, 

K 1 jS-|E ■Lu.ri .trni^ ±9 Et icq., tn 

|AL:rTTi, .55, 5 r., 1% 
bifiillaniu, 55, i.i'r, it* 

Si. AIkIeTH' 1. 3ll« 

SahG*. 131 nE ieq.. 174 
SalrJkLEi. t'j, 174 

SaUUrti. -tii. Si. 77, PI. Ill: i^urcy ,.l, 77- 
p.iln.'Jr'i a ! iJucidilJDDi cn. ?y, nrsqi ji. 12 
:-l; »U'l!i[w uT, ia, 77 
ScJriUKU, i^rtihanS, (63 
:VJi1|iiiLl Cimcrii 1 ol. J?4 
^arpio, J4, is, [&& 

^.lUpl.: iM 
ficuium. jfi, iH 

KmcenS. ui ire. S 

.■Ka-peciL. 57, 3E4 

.St^teto, Rjvi1, ji 
.SexLoeul, |i. i <£4 

itlllDl. i Cl WtH\ 

Sfiaduw il*.. 


IKI>EX 


l£?2 


Sfecnttp* itim, t&| 
dpj*, at-, 3 ^ 

ilAmil Hour Ahr^, *5 gt |*q , ] 75 
SiAerat tunc, id et fc*q., aft n m-*j., 3 ^ 
Jiiiui at ia r +a, gj, ya. ifr? 
iMmi B, 51 

itftar iliilpiti, fci el Mq- 
ikilir IJJ 

■kte**, jj, 175 

Si*Jpif J ri | J£| 

Scat Hera Lrau, i, cy, CAW*. 

Spicn, j i, 34, 
i-U.-kiIjj poioL. E|?3 
b-ubaLnlLii pamC r h, rjj 

‘^ ihlUll fT wjdLLG?. J .3 

SUii r (SI rii □ fTjKttJa^ia cd„ sH.; chiomo- 
■F*«* Of, v? el »i.„ ii?, J6g; l'hmIs, 
JLlkmUW rif i:n r f jt; inrucn -ud. g? eL 
Wff-j 1*7, m\ vl, I if j p( n<|.- 

Mieuil^i, E*5, cW-^rci*^ tq^ H. VII 
■»toLul* ?ft, 3 3JL pt. VJj lUKfjgy yj, 34; 
eqiLiL«4J F ££; JUrti ojl, 91 et wq r Kmh 
(nan, 91 ; lunin, jt pi *eq, p 472 : fititcf- 
viitmjL o£, 93 nt i&q.L pbjUci <tf p f4 
um.: pnKUittfqcai ca, u? r fgjf 

Endto wavLS (ram, EuLalJce dI', !-r.; 
EjwCi tin. 16 , ij+, Ijaj »ptrt«cj.xlo oi, Hf, 
■ija; rtrwctoie ul, bj; Pma'.iiil eJJei L!. 
ttlfe 

kirn 34 

StiJWTlWWiii, 

SwjKFiQF & 3 

Farted, i.M ct ik|., 1J5 


Ta^kL-I, 30, attf 
T-tlwfccspn, 14.41 pt ICq. 

T-feJmeojiititti, ili r ic* 

TrtbV"i f ‘3 

Tlrlrf. 74 

Time, i.rflfmwL** Mmci. 3 f *f , iTJi 

llr^iwjtA S1, xjj, 173, tout. 

53. mm, jj, 373 

Tatui, tz 
Tatuum, tot 
Tnmbflti^i, 39 


Trunit, 175 
Tnpvjnpi, 31 

Trisi^piJin:!, *n, 51 ciih- 
1 riAiuri! luu Australu, jt, sE£ 
Tntina, titi ?«4 

rmmn\ 4 %, 133 

TMmha, 57, fct+ 

a it, 14 

kitf. III *l£ 


UHkiiiL, bj 

Ll-I !>rj.| rjf itiliow, I3Z, E |rj 
4 ri m&jjwE. tB, 431 
U>U{ 4 vA £.4 HPi, 7 h 
U™«i^ : 63 , 7 'i 

ulfklrtm ^lE, (d, :n 
Uru Hix.ir, 4 Vl \S* f 
L r na Mij-Lir Lluf.l rj 1 , 50 
L r ru Uuicir, 49, ir.-j 


^4 uahcj itapp, *j, *{ pen., ij->; 

^E'twW, 4 r /. 113 - Jt'>. "Llipi.iu-, atJ'j c-E 
M4>, !?£>> kb-UiiucJ^, 1 m nnif ifaUflfl «.-l. 
? E 4 fri. M*l. 

V'cCi'JL he; ipp-c jjdul'p of. ?s, life do, 75; 
ci.i£iu!>j-i* of, fj>: orUl ui, 64; j'iji'i- 
of. 6ji ■ I^iluEb □[, 0 ? 

V>FLLit ftiumci. ig, jr, J,b-i 
Win, 7£i 

VlffP, 54- a c-fl 

Viuflip^ n>i, uvrated, Ef^ 

VpllllL, |D, Itdj 

VqtpoculH, i(A 


IVljrtia u 


ip»n*. I, T75 

i4aL4Ke, 4. i*y 

7 f*har 

2 -Xli J - jJ LnftE. ID E , Jjrj 
24nw Syae, jj. 4^3- 


A 


